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ABSTRACT: Our objectives was to evaluate a two-step 
approach to further investigate the presence of genotype by 
environment interaction in growth curves. Body weight  
from 2,274 quails from UFV1 and UFV2 lines in ten crude 
protein levels (24-33%) were used. Animals were weighed 
weekly from hatch to 42 days old totalizing up to seven 
records. The parameters from Gompertz model were used 
as phenotypes in a reaction norm model. Reaction norm 
covariate was based on protein level estimates from a con-
ventional animal model. Genetic values reaction norms, 
heritability, genetic correlations and projected growth 
curves and breeding values for each animal were estimated. 
The parameter related to asymptotic weight was the most 
stable in reaction norms. However, parameters related to the 
initial conditions and slope of growth were influenced by 
nutritional gradient. Nutritional environment for quails 
should be similar to minimize interaction effects. 
Keywords: Coturnix; Genotype by environment interac-
tion; Gompertz, reaction norm 

 
 

Introduction 
 

Selection in poultry is traditionallybased on body 
weight for a standard age, leading to a reduced age at 
slaughter. However, this kind of selection increases mature 
weight, which requires different management for breeders 
(Taylor (2008)). 

 
Growth curves summarize all information about an 

animal growth in few parameters. These parameters provide 
useful information for selection once can be used as pheno-
types to estimate variance components and genetic parame-
ters through a two-step approach. Although the study of 
growth curves provide a broad overview of the phenome-
non, there is a lack of genotype x environment interaction 
(G*E) information for related to growth curves..  The diffi-
culty of to collect records and consequently insufficient 
number of animals in genetic evaluation are the reasons of 
the variability of genetic parameters predictions reported in 
literature (Mignon-Grasteau and Beaumont (2000)). Akbas 
and Yaylak (2000) reported that factors such as sex selec-
tion, scale effect, gender and even the model fitted could 
explain differences among genetic parameters predictions in 
poultry growth curves. 

 
In this study, we present a two-step model   ap-

proach in which, first we estimate parameters for the Gom-
pertz growth curve model (GGCM) by animal in order to 

compare its estimated growth curve by analyzing the adapt-
ability of those quails for each environment level, defined 
as dietary crude protein levels (DCPL). 

 
Materials and Methods 

 
Data from 2,274 meat-type quail (Coturnix 

coturnix), from UFV1 (1,270) and UFV2 (1,004) lines were 
used. Birds had pedigree recorded and were tagged with a 
permanent ring at hatch.  

 
The birds were distributed into 100 concrete floor 

and shaving bed boxes of 1m2 in groups of up to 11.  Two 
experiments were evaluated in which both had five levels of 
DCPL (24, 26, 28, 30, 32% vs. 25, 27, 29, 31, 33%) for first 
and second experiment, respectively. The number of repli-
cates for each treatment was ten, one for each box in a 
completely randomized design. Individual body weight was 
collected weekly from hatching to 42 days old, totalizing up 
to seven records per bird.  

 
 Gompertz model were chosen due to its better fit-

ting and parsimony in growth curves for	   meat-type 
(Drumond et al. (2013)) and Japanese quails (Balcioğlu et 
al. (2005); Kizilkaya et al. (2005)). The growth curve were 
fitted by animal using the MODEL procedure from  SAS 
software (SAS (1999)). 

 
 The second step was the use of the parameters  ob-

tained from GGCM as phenotypes in a  reaction norm mod-
el  (Kolmodin et al. (2002)). Sex and generation/hatch were 
fitted as fixed effects while DCPL as the independent vari-
able. 

 
The reaction norm model was described as fol-

low: 2
ijkl i i i ij k l ijklij

y =  µ + a + b X + c X +sex + hatch + ξ , where 

ijkly  is the estimated value for Gompertz model; i ia , b  and 

ic  are respectively the  intercept, linear and quadratic ran-
dom regression coefficients  in a function of the levels of 
protein (DCPL) X; ksex and lhatch  are sex and genera-

tion/hatch fixed effects, respectively and ijklξ , is the residual 
error . 

 
It was assumed a joint probability distribution with 

individuals ordered by protein level for a, b and c, being 
=[a,b,c]’, as 
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2σa , 2σb  and
 

2σc  denote   the additive genetic intercept, 
linear and quadratic regression coefficients variances, re-
spectively; abσ , bcσ  

and
 acσ are the additive genetic covari-

ances  between intercept and linear, linear and quadratic 
and intercept and quadratic regression coefficient, respec-
tively; A is the Wright numerator relationship matrix.  

 
A reaction norm model was fitted with order three 

Legendre polynomials and homogeneity of residual vari-
ance. 

 
The variance components and genetic parameters 

were performed by restricted maximum likelihood 
(REML). Further, breeding values (BV) were predicted 
utilizing WOMBAT software (Meyer, 2007).  

 
The breeding value for the ith animal at jth protein 

level was defined as
2
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where 2
j j j' 1 X  X⎡ ⎤= ⎣ ⎦K .  

 
The heritability estimates were calculated as fol-

low: 
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where Xj is the  protein level standardized between -1 and 
+1 from the use of Legendre orthogonal polynomials. 
 

The GGCM parameters for each DCPL were esti-
mated by the sum of the genetic values ( ˆ jU ) and the aver-
age fixed effects to which the animal belongs: 

 
ˆ µ= +

Aj j AA U ;  ˆ µ= +
Bj j BB U ;   ˆ µ= +

Kj j KK U ; 
 
The predicted animal performance according to 

GGCM in a specific time j was given by: 
 
ˆ ˆ ˆˆ ( ) exp( exp( ) ( ) )µ µ µ= + − + − +
A B Kj j A j B j Ky U U U t  

 
The reaction norms of the three parameters of the 

GGCM were evaluated in the analyzed interval. We sam-
pled the top, medium and lower five (total=15) animals at 
24% of DCPL. The growth trajectory was analyzed by 
randomly plotting breeding values from 24 to 33% DCPL. 
Finally, average curves of those sampled animals were 

estimated at three different levels: 24, 28.5 and 33% of 
DCPL. 

 
Results and Discussion 

 
The reaction norms of the 15 sampled animals for 

UFV1 and UFV2 at 24% DCPL for the three parameters of 
GGCM are shown in Figure 1. In general, the predicted 
output values for the parameter A were stable along DCPL 
and higher range  for UFV1. On the hand, t parameters K 
and B were do not presented remarkable changes between  
animals with medium and low  breeding values, whereas 
the same was not true for animals with high breeding values 
where remarkable changes were reported especially  in 
higher levels DCPL. 

 

 
Figure 1. Breeding values reaction norms for fifteen 
sampled animals from UFV1 and UFV2 lines for the 
parameters A, B and K, respectively.	  

 
 
The heritabilities were stable for parameters A and 

B and erratic for K for UFV1 and UFV2 following the trend 
of reaction norms. We reported higher heritability estimates 
for UFV1 and correlation greater than 0.90 among all 
DCPL for both lines. Low and even negative correlations 
were found between 24% and the highest DCPL for B and 
K, which differed between strains and the lowest values 
starting from 26 and 30% for UFV1 and UFV2, respective-
ly (Table 1).  
 
Table 1: Heritability estimates for parameters A, B and 
K from Gompertz curves in ten different protein levels 
for UFV1 and UFV2 lines. 

LP1 
Line UFV1             Line UFV2 

A B K A B K 
24 0.41 0.41 0.33 0.07 0.04 0.

11 25 0.46 0.46 0.04 0.11 0.07 0.
07 



26 0.50 0.50 0.16 0.14 0.10 0.
05 27 0.54 0.54 0.29 0.16 0.10 0.
03 28 0.56 0.56 0.29 0.18 0.09 0.
03 29 0.57 0.57 0.18 0.18 0.06 0.
06 30 0.56 0.56 0.04 0.17 0.06 0.
15 31 0.55 0.55 0.29 0.16 0.11 0.
29 32 0.53 0.53 0.67 0.14 0.24 0.
45 1PL: protein level  

 
 

Figure 2 shows the correlation between the genetic 
level at level of 24% and other levels. The parameter A is 
the most stable to the change in Figure 1. The projected 
growth curve differed between animals given the sensitivity 
of B and K. However, it tends to be very similar for some 
animals (Figure 2).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Genetic correlations between the different 
nutritional levels for UFV1 and UFV2 populations.  

 
 
Figure 3 shows the mean curve of superior animals 

in the analyzed parameters using UFV1 and UFV2 as  se-
lection criterion of 24, 28.5 and 33% of DCPL for parame-
ters A and K. Nevertheless, the use of different levels of 
protein in selection could lead into growth curve modifica-
tions on its parameters due to the presence of G*E. Hence, 
the genetic merit of the animals could not be transmitted for 

their offspring in a different DCPL that the animals was 
raised. Therefore, it could also lead to no genetic progress. 
 
Figure 3. Projected growth of the average of the top five 
animals from UFV1 and UFV2 selected for the parame-

ters A and K from Gompertz model. 
 
 

Conclusion 
 

We inferred the presence of genotype by environ-
ment interaction for growth trajectory in meat-type quails 
based on reaction norm models. Our results also denote the 
possibility to identify breedstocks for growth keeping the 
mature weight through selection.  
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