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Abstract 

The objectives of this research was to compare estimates of variance components using different 
animal models in order to determine whether simpler models produce estimates similar to those 
produced by more complex alternatives, and to determine the most suitable mixed model for estimating 
genetic parameters and genetic trends for traits in performance test of gilts using REML. Four mixed 
model was constructed: M1 (Random effect of Animal and fixed effects of farm, year, season and 
breed), M1 (M1 + regression influence of body weight at the end of performance test), M3 (M1 + 
regression influence of duration of performance test), and M4 (M2 + regression influence of body 
weight at the end of performance test). In examined mixed models, information criteria was lowest in 
model M4, which would be the most adequate model, while model M1 had largest information criteria, 
which suggested that this model was not suitable model for evaluation of genetic parameters. Strong 
negative genetic and phenotypic correlation is showed between MP and BFT1 and between MP and 
BFT2, while between AG and BFT1 and BFT2 established positive and negative genetic and phenotypic 
correlation. Between BFT1 and BFT2 was determined strong positive genetics and phenotypic 
correlation. Heritability traits in four models were at medium to high degree of heritability. The 
resulting genetic trends were different between models, with relatively high coefficients of 
determination (R2). 

 
Keywords:REML, genetics analysis, models, performance test of gilts 

 
1. Introduction 

Genetic improvement in swine production is based on the selection of the best and 
genetically superior animals in the population which takes in account economically valuable 
traits. This criteria will be used in further reproduction of parents in order for them to be the 
next progeny generation with purpose of achieving the maximum genetic progress with 
application of basic principles of quantitative genetics. Without a quality breeding stock, it is 
not possible to perform a good remount on the farm and to produce sows with high quality 
with the aim to follow the increased production demands in this branch of livestock 
production. For this reason, special attention have to be paid to selection and breeding gilts on 
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the farm. Faster genetic progress and faster improvement of desired properties can be 
achieved with a good selection of gilts with the knowledge of genetic parameters obtained by 
certain mathematical and statistical methods. Therefore, accurate estimation of genetic 
parameters for these traits are essential for estimating breeding values and optimizing 
prediction of genetic response to selection (THOMPSON [1]). 

The restricted maximum likelihood (REML) method of estimating variance and 
covariance components which was proposed by PATTERSON & THOMPSON [2] became 
the method of choice for genetic parameters estimation in animal breeding because of its 
desirable statistical properties (RONNEGRAD & al. [3]). The use of the REML under an 
animal model for estimation of genetic variances and covariance allows separation of genetic 
effects from random environmental and other nuisance effects which can be easily extended 
to estimation of other effects. However, the accuracy of estimating variance components is 
dependent on the data structure of the population and on the used model (MEYER [4]). 
Multivariate animal models have become widely used in the genetic evaluation of animals. 
These models include additive genetic effects for each animal, utilise information on all 
known relationships among animals, take into account correlations among traits, and can 
incorporate additional random effects. However, a suitable model for estimating variance 
components is generally unknown. Moreover, it is not clear whether simpler models including 
direct genetic effects only are as accurate as more complex models. 

The objectives of this research was: (a) to compare estimates of variance components 
using different animal models to determine whether simpler models produce estimates similar 
to those produced by more complex alternatives, and (b) to determine the most suitable mixed 
model for estimating genetic parameters and genetic trends for traits in performance test of 
gilts using REML. 

 
2. Materials and Methods 

Animals at performance test 
The results of gilts tested in performance test on 48 farms in the period from 2009 to 

2013 was used for quantitative genetic analysis. A total of 73129 gilts of four different 
genotypes, of which two were pure Landrace (20979 gilts) and Yorkshire (14746 gilts) breed, 
and two hybrid F1(YxL) (24945 gilts) and F1(LxY) (12459 gilts) were  used in this study. All 
tested gilts in this trial originates from 1980 sires and 19561 dams. All gilts at the farms was 
grouped, in a groups of 8 to 12 animals, with provided floor area per gilt of 0.7-1.0 m2. 
 

Analysed traits 
Analyses included four performance test traits such as average daily gain (ADG), meat 

percentage (MP), back fat thickness (BFT1) and lateral back fat thickness (BFT2). Body weight 
of gilts were recorded at the beginning and at the end of test period. Those measurements were 
used to calculate average gain (AG) in kg. Thickness of fat in the loin area (BFT1) was 
measured by ultrasound between 3-4 ribs back, 7 cm lateral from the middle line, while the 
lateral back fat thickness (BFT2) was measured at the lumbar between 3 and 4 lumbar 
vertebrae, the last lumbar vertebra, 7 cm lateral from the back middle line. Meat percentage is 
measured in the dorsal part between the ribs 3 and 4, 7 cm lateral to the back line. For thickness 
of fat and meat percentage ultrasounds Krautkrämer S22 and Piglog 105 was used. 

 
Models and statistical analyses 
The significance of the fixed effects (farm, year, season and breed) and their inclusion in 

the models were determined for each trait using the GLM procedures in software package 
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Statistica 12. In order to examine the influence of the interactions of season and year, the year 
was divided into three seasons as follows: I season (November, December, January, February); 
II season (March, April, September, October) and III season (May, June, July, August).  

The estimation of genetic parameters in models, random, fixed and regression effects 
have been defined (Table 1). In all constructed models, random effects included influence of the 
animals, while the effects of farm, year, season and breed in the models were included as fixed 
effects. Duration of performance test of gilts and their age at the end of the test were included in 
models as fixed effects, no matter to a linear effect on the analyzed traits. 

 
Table 1. Significance of the fixed, regression and random effects included in model for the 
analysis of traits in performance test 

Traits 
Fixed effects  Regression effects Random effects 

Farm Interaction 
year-season Breed Test 

duration 
Final body 

weight Animal 

ADG, g ** ** ** - ** ✓ 
MP,  % ** ** ** ** ** ✓ 

BFT1, mm ** ** ** ** ** ✓ 
BFT2,  mm ** ** ** ** ** ✓ 

ADG – average gain; MP – meat percentage; BFT1 – back fat thickness; BFT2 – back fat thickness lateral                   
** P < 0.01                                                                                                                                                         
 

To estimate genetic parameters, four different models were constructed: 
                                                 (M1)                                       

                              (M2)                                         
                              (M3)                                         

         (M4)                                           
 

where Yijklm = phenotypic values of traits; µ = average mean; Fi= fixed effects of farm; 
YSj = fixed effects of interaction years and season; Bk = fixed effects of breed; b1 = regression 
coefficient of body weight at the end of the test; b2 = regression coefficient of performance 
test duration; al=  random effects of animal; еijklm = random error. 

 

Genetics parameters, including variance components and ratios, were estimated using 
the restricted maximum likelihood (REML) procedure based on an animal model using the 
Wombat software (MEYER [4]) with multivariate analyses. The model can be represented in 
matrix terms by 

y = Xb + Za + e 
where y = vector of observations; X= incidence matrix of fixed effects; b = vector of fixed effects; 
Z = incidence matrix of random effects; a = vector of random effects; e = vector of residuals. 

 
Comparison criteria  
Information criteria of Akaike (AIC) and Bayesian (BIC) information criteria tests were 

used in the comparison of the models. In both tests, the most accurate model is the one which 
have the highest negative AIC and BIC values. According these two tests we can select the 
model which fits better to data structures. The values of the Akaike information criteria and 
Bayesian information criteria are obtained as follows: 

 

AIC = - 2 log (MLk) +2pk 
BIC = - 2 log (MLk) + pk log (n) 
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where, MLk= Maximum Log Likelihood for model k;  pk = number parameter for model k; n = 
number of observation in model k. 
 
3. Results and Conclusions 

Phenotypic parameters 
Table 2 shows the mean values and variability’s of testing traits in tested gilts. From table 

1 it can be seen that there is a sufficiently large phenotypic variability for all investigated traits 
of gilts from performance test as a result of the different levels of the previous selection and 
environmental condition. Thus the average age of gilts at the end of the performance test was 
190 days with coefficient of variation of 12.75%, with achieved body weight of 110 kg, with a 
coefficient of variation of 11.28%. The average weight gain in the test was 544 g, with a 
coefficient of variation of 12.99%. Ultrasound measurements of the thickness of the dorsal 
(BFT1) and lateral (BFT2) fat, founded the mean thickness of 15.14 mm for BFT1 and 14.95 
mm at the BFT2 with coefficients of variation of 30.45, or 32.16%.The percentage of meat in 
carcass obtained by ultrasonic measurement was 56.94%, with a coefficient of variation of 
7.17%. Obtained average values of the performance traits of the tested gilts were lower than the 
genetic potential of the genotypes in other countries. However, phenotypic traits variability is 
large enough for the proper selection of positive variants which can increase the average value 
of the analyzed traits and genetic improvement in the future. 

Many other authors have found significant differences in the characteristics and 
variability of gilts traits from performance test between different genotypes and populations 
of pigs that are consistent with ours (HOQUE & SUZUKI [5], SZYNDLER-NEDZA & al. 
[6], VIDOVIĆ & al. [7]; POPOVAC & al. [8]). NOWACHOWICZ & al. [9] reports that the 
traits from the performance test are changing over a period of time, and it is necessary to 
constantly test and measure these traits. Variability of these traits gives us the ability to 
perceive the changes produced in a given population and timely respond to them 
(BUCZYNSKI & al. [10], MICHALSKA & al. [11]). 

 
Table 2. Average value and variability of testing traits in tested gilts 

Traits   δ  V,% Min Max 

AET, days 196.00 0.09 25.01 625.56 12.75 127.00 270.00 
ADG, g 543.91 0.26 70.68 4995.30 12.99 345.66 975.00 
BFT1, mm 15.14 0.02 4.61 21.26 30.45 5.00 28.00 
BFT2, mm 14.95 0.02 4.81 23.13 32.16 5.00 29.00 
MP,  % 56.94 0.02 4.08 16.66 7.17 45.00 67.99 
FBW, kg 109.69 0.05 12.38 153.19 11.28 80.00 158.00 
AET – age at the end of the test; ADG – average gain; BFT1 – back fat thickness; BFT2 – back fat thickness 
lateral; MP – meat percentage;  FBW – final body weight 
 

Comparison and evaluation of models 
Log likelihoods, AIC and BIC for the four models are shown in Table 3.According to 

Table 3, increasing number of parameters for the effects resulted in higher negative Log L, 
AIC and BIC values which contributed more accurate assessment of the investigated traits. In 
our models information criterion of Akaike (AIC) and Bayesian information criterion (BIC) 
values were lowest for model 4, which suggested that the model 4  would be most adequate 
model, while model 1 has largest AIC and BIC, which suggests that this model is not 
adequate model for evaluation genetics parameters. Many researchers such as MULLER & al. 
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[12], MANIATIS & al. [13] and CORRALES & al. [14], in their research construct different 
models and come to the conclusion that with the inclusion of as many influences in mixed 
models, the models become more accurate and values in AIC and BIC reduced, but their 
inclusion in the model depends on the availability of the collected data. 

 
Table 3. Comparison and evaluation AM based on Log Likelihood function (Log L), Akaike 
Information Criterion (AIC) and Schwarz Bayesian Information Criterion (BIC) 

Models Log L AIC BIC 
Model 1 -796001.810 -796031.810 -796193.937 
Model 2 -578503.139 -578523.139 -578628.981 
Model 3 -707861.159 -707891.159 -708053.256 
Model 4 -485802.439 -485822.439 -485928.262 

 
Genetic parameters 
Residual, direct additive genetic and phenotypic variance components, residual and direct 

heritability with standard errors for traits from performance test based on the four models are shown 
in table 4. From the table we can see that all the traits of the obtained models of performance test are 
medium to high degree of heritability. It can be due to use of different models or different 
components in models. Direct heritability for ADG traits differs between models due to different 
component ranged from 0.763 for model 1 and 0.942 for model 2, for MP from 0.473 for model 4 to 
0.564 for model 2, for BFT1 from 0.492 for model 4 to 0.696 for model 2, and for BFT2 from 0.486 
for model 4 to 0.742 for model 2. The lowest obtained values of variances and heritability for all 
traits were from model 4 in which the regression influence of duration test and body weight was 
included at the end of the test, while the model 2 showed the highest values in which the regression 
influence of body mass was included at the end of the test, while the models 1 and 3 had a mean 
values of variance and heritability. Heritability in this study was higher than in studies of 
SZYNDER-NEDZA & al. [6], POPOVAC & al.  [8], NGUYEN & MCPHEE [15], ZUMBACH & 
al. [16], while in the research of HOQUE & SUZUKY [5], IMBOONTA & al. [17], CAI & al. [18] 
heritability was high and similar to those in our research. 

 
Table 4. Variance and heritability obtained by animal models for the traits from the performance test 

Trait Model Ve Va Vp SE  h2 SEh2

ADG, g M1 477.51 1538.37 2015.88 0.237 0.010 0.763 0.010 
M2 348.46 5683.49 6031.95 0.058 0.010 0.942 0.010 

MP, % 

M1 7.32 6.98 14.30 0.512 0.011 0.488 0.011 
M2 8.35 10.81 19.16 0.436 0.012 0.564 0.012 
M3 7.25 6.79 14.04 0.516 0.011 0.484 0.011 
M4 6.28 5.63 11.92 0.527 0.011 0.473 0.011 

BFT1, mm 

M1 6.20 7.30 13.51 0.459 0.011 0.541 0.011 
M2 7.50 17.18 24.68 0.304 0.011 0.696 0.011 
M3 6.28 6.75 13.0 0.482 0.011 0.518 0.011 
M4 5.89 5.71 11.60 0.508 0.011 0.492 0.011 

BFT2, mm 

M1 6.33 7.02 13.36 0.474 0.011 0.526 0.011 
M2 7.03 20.19 27.22 0.258 0.011 0.742 0.011 
M3 6.36 6.64 13.00 0.489 0.011 0.511 0.011 
M4 5.96 5.65 11.61 0.514 0.010 0.486 0.010 

  ADG – average gain; MP – meat percentage; BFT1 – back fat thickness; BFT2 – back fat thickness lateral;   
Ve– residual variance; Va – additive genetic variance; Vp – phenotypic variance;  – heritability of residual 
variance; h2 – heritability; SEh2 – standard error of heritability 
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Genetic and phenotypic correlations between performance traits based on model are 
presented in Table 5.With the increase number of fixed effect in the model resulted in 
increase of genetic correlations between traits. Phenotypic correlations followed a similar 
pattern but were lower than the corresponding genetic correlation. Strong negative genetic 
correlation (from -0.442 to -0.754) and phenotypic (from -0.433 to -0.638) correlation is 
showed between MP and BFT1 and between MP and BFT2 (from -0.485 to 0.866 for genetic 
and from -0.571 to 0.888 for phenotypic correlation) in all models, while the model 1 and 
model 2 have showed very weak positive and negative genetic and phenotypic correlation 
between AG and BFT1 and BFT2. Between BFT1 and BFT2 was determined strong positive 
genetics (from 0.814 to 0.929) and phenotypic (form 0.653 to 0.821) correlation. 
HERMESCH & al. [19] between AG and BFT1 have established weak positive correlation 
(0.07), while HOQUE & SUZUKI [5] have established unfavourable genetic correlation 
between AG and BFT1in Durock (-0.44) and Landrace (-0.12), as well as unfavourable 
phenotypic correlation (-0.18 or 0.22). NGUYEN & MCPHEE [15] have established strong 
negative genetic correlation between BFT1 and MP and AG (-0.25 or -0.82). 

 
Table 5. Genetic (above the diagonal) and phenotypic (below the diagonal) correlation between 
observed traits obtained by AM method 

Models Traits ADG, g MP, % BFT1, mm BFT2, mm 

M1 

ADG, g - 0.057 0.097 0.112 
MP, % 0.109 - -0.480 -0.579 

BFT1, mm 0.149 -0.436 - 0.850 
BFT2, mm 0.155 -0.651 0.699 - 

M2 

ADG, g - 0.260 0.296 -0.235 
MP, % 0.209 - -0.442 -0.485 

BFT1, mm -0.171 -0.433 - 0.929 
BFT2, mm -0.134 -0.571 0.821 - 

M3 

ADG, g -    
MP, %  - -0.548 -0.640 

BFT1, mm  -0.468 - 0.841 
BFT2, mm  -0.684 0.690 - 

M4 

ADG, g -    
MP, %  - -0.754 -0.866 

BFT1, mm  -0.638 - 0.814 
BFT2, mm  -0.888 0.653 - 

ADG – average gain; MP – meat percentage; BFT1 – back fat thickness; BFT2 – back fat thickness lateral 
 

Genetic trends 
The estimates of the genetic trends for the direct additive genetic effects and 

coefficients of determination (R2) are shown in Table 6. Figures 1-4 summarize the genetic 
trends for a direct effect on the performance traits. 

The obtained genetic trends differed between the models and the coefficients of 
determination R2 was relatively high. The resulting genetic trends were different between 
models. In almost all models is established a negative genetic trend (unfavourable) for MP in 
carcass and positive (unfavourable) genetic trend for BFT1 and BFT2. Genetics trend for 
ADG ranged from 2.6 g/day/year for model 2 to 4.63 g/day/year for model 1, for MP from -
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0.11 %/year for model 2 to 0.26 %/year for model 1, for BFT from -0.37 mm/year for model 4 
to 0.51 mm/year for model 3, and for BFTL from 0.18 mm/year for model 2 to 0.49 mm/year 
for model 3. The regression equations were significant for BFT1 in model 2 and model 2, and 
for BFT2 in model 1, model 2 and model 4 with relatively high the coefficients of 
determination (R2). In the research of NGUYEN & MCPHEE [15], year genetic trend of AG 
was ranged -8.48 g in lines selected for weak AG and 8.73 g in lines selected for high AG. 
The results of TORESET & al. [20] showed significant differences in genetic trend for AG 
obtained during performance test between male and female progeny. Genetic trend in female 
progeny was -1.19 g/year, while in the male progeny was -0.29 g/year. CHEN & al. [21] 
established genetic trend. They needed four days to achieve the body weight of 113.5 kg -0.41 
days in Yorkshire, -0.54 days in Duroc, -0.13 days in Hampshire and -0.52 days in Landrace 
gilts, while the average year genetic trend for daily gain was 2.35 g, and back fat -0.40 mm. 
 
Table 6. Genetic trend ( ) coefficients of determination (R2) and probability values (P) for the 
direct genetics effect 

Traits Models ( ) R2 P 
AG, g 

 
M1 4.635 0.654 ns 
M2 -2.632 0.616 ns 

MP, % 
 

M1 -0.268 0.742 ns 
M2 -0.114 0.730 ns 
M3 -0.240 0.367 ns 
M4 -0.379 0.768 ns 

BFT1, mm 

M1 0.017 0.884 ns 
M2 0.206 0.911 * 
M3 0.514 0.921 ** 
M4 -0.379 0.768 ns 

BFT2, mm 

M1 0.452 0.772 * 
M2 0.181 0.821 * 
M3 0.492 0.629 ns 
M4 0.382 0.786 * 

AG – average gain; MP – meat percentage; BFT1 – back fat thickness; BFT2 – back fat thickness lateral; 
**P<0.01; *P<0.05; ns –not significant 

 

 
Figure 1. Direct genetic trends for the ADG from 2009 to 2013. 
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Figure 2. Direct genetic trends for the MP from 2009 to 2013. 

 

 
Figure 3. Direct genetic trends for the BFT1 from 2009 to 2013. 

 

 
Figure 4. Direct genetic trends for the BFT2 from 2009 to 2013. 
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4. Conclusion 
It has been known for long that the phenotypic variability of traits in addition to hereditary 

affects numerous abiotic factors. Their action complicates accurate assessment of genetic 
parameters and breeding value or additive genetic value. Therefore, it is necessary to include 
mixed models to estimate the breeding values in order to eliminate their influence, which 
significantly affects the variation of important traits for selection. In addition, the inclusion of a 
greater number of parameters in mixed models, make models more accurate and provide a more 
accurate assessment of genetic and breeding value, which is confirmed in this study. 
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