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Abstract

The selection and evaluation of breeds and purebred lines to be used as the parental stock is an important step for
the success of any animal breeding program. In this study, the feed:gain ratio, backfat thickness corrected for 100 kg,
age to 100 kg, average daily gain, and age of sow at first farrowing were used to evaluate the genetic trends for direct
and maternal additive genetic values in Large White pigs. The total number of piglets born or born alive and the litter
weight at birth were used as indicators of the genetic trends for the direct additive values. The genetic trends were
calculated by regression of the average predicted genetic values per year for each trait versus the offspring’s year of
birth (for performance traits) or versus the dam year of birth (for reproduction traits). The genetic trend estimates for
direct effects showed that selection decisions made during the breeding program effectively improved the
performance traits. However, for reproductive traits, the regression estimates showed no definite trend. The genetic
trends for the maternal effects were generally positive but of low magnitude.
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Introduction

The use of breeds and purebred lines in efficient

crossbreeding programs depends on the availability of im-

proved genotypes to achieve good results. For this reason,

the selection and evaluation of breeds and purebred lines

that are to be used is an important step for the success of any

animal breeding program.

An estimate of the genetic progress achieved by se-

lection programs is necessary in order to describe the ge-

netic changes progress, to assess the benefits of the

selection program and to introduce necessary adjustments

(Euclides Filho et al., 1997). Hill (1972a,b) proposed the

use of a control group and the adoption of divergent selec-

tion to remove any environmental influence. However, the

high cost of maintaining a control population makes these

two procedures unfeasible for commercially oriented

breeding programs. In a study using a control line and a se-

lected line, Blair and Pollak (1984) used three approaches

to estimate the genetic superiority of the selected line: 1)

deviation of the predicted annual phenotype mean of the se-

lected line compared to the predicted annual phenotype

mean of the control line, 2) deviation of the predicted an-

nual phenotype mean of the selected line compared to the

estimated year effect based on the control line records, and

3) yearly means of the predicted breeding values of the se-

lected line. Method 3 depended on the heritability and pro-

duced better partitioning of the phenotype trend in the

genetic and environmental components. The results of this

study indicated that this type of analysis could be used to

estimate genetic trends, particularly in commercial breed-

ing herds for which it was impossible to establish and main-

tain control lines.

Using simulated data, Sorensen and Kennedy (1984)

demonstrated that, under specific conditions, the mixed

models equations do not require the use of a control popula-

tion to appropriately partition the phenotype trend into en-

vironmental and genetic components. According to these

authors, if the variances of the traits are known before se-

lection and if the selection is based on a linear function of

the data and the relationship matrix is complete, then the

genetic trend can be estimated using a mixed models ap-

proach.

The aim of this study was to evaluate the genetic

trends of the direct and maternal additive genetic values for

performance and reproductive traits in pigs.
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Material and Methods

The data used in this study were collected from 1993

to 1999 from a Large White purebred pig line maintained

by the breeding program of the Sadia S.A. meat company in

the southern Brazilian state of Santa Catarina.

The animals were all from a single farm. The piglets

were maintained in collective pens until they were 12

weeks of age, when they underwent their first individual

performance test to determine the feed:gain ratio. The aver-

age daily gain was monitored in males until they reached a

live weight (LW) close to 100 kg. For the females, the test

was done in collective pens so that only the average daily

gain was determined. At the end of the test, backfat thick-

ness was measured in all of the animals.

Performance traits were evaluated in each sex since

the form of management differed for males and females. In

males, feed:gain ratio (FG-M), backfat thickness corrected

for 100 kg LW (BFT-M), age to 100 kg LW (AGE-M) and

average daily gain (ADG-M) were monitored throughout

the test. In females, backfat thickness corrected for 100 kg

LW (BFT-F), age to 100 kg LW (AGE-F) and average daily

gain (ADG-F) were monitored from birth to the end of the

test. Backfat thickness was adjusted for 100 kg using cor-

rection factors provided by the company. The reproductive

traits evaluated were: age of dam at first farrowing (DAFF),

total number of piglets born (NPB), total number of piglets

born alive (NPBA) and birth litter weight (BLW).

The data were grouped in four files. The first file con-

tained pedigree information (18,279 records), the second,

male performance (7,009 records), the third, female perfor-

mance (10,541 records), and the forth, reproductive infor-

mation (3,937 records). The genetic parameters were

estimated by the Restricted Maximum Likelihood (REML)

method using the Multiple Trait Derivative-Free Restricted

Maximum Likelihood (MTDFREML) program described

by Boldman et al. (1995).

According to Torres Filho et al. (2004), the most suit-

able model for evaluating the performance traits and DAFF

includes the direct genetic effect of the animal, the maternal

effect and the litter common effect. For litter traits, the most

suitable model includes only the direct genetic effect of the

animal. Thus, two different models were used in the analy-

ses: model 1 for the performance traits and DAFF and

model 2 for the litter traits, as follows:

Model 1:
r r r r r r
y Xb Z a Z m Z p e= + + + +1 2 3 ,

where Var(a) = Aσ2
a, Var(m) = Aσ2

m, Cov(a,m) = Aσ2
am

and Var(p) = Iσ2
P.

Model 2:
r r r r
y Xb Z a e= + +1 ,

where Var(a) = Aσ2
a,

r
y is the vector of the observations,

r
b is

the vector of the fixed effects of the contemporary groups

and the covariables,
r
a is the vector of the direct additive ge-

netic effects,
r
mis the vector of the maternal additive genetic

effects,
r
p is the vector of the litter common effects,

r
e is the

vector of the residual effects, X, Z1 Z2 and Z3 are the inci-

dence matrices for the fixed, direct additive genetic, mater-

nal additive genetic and litter common effects,

respectively, σ2
a is the variance attributed to the direct ge-

netic effects, σ2
m is the variance attributed to the maternal

genetic effects, σ2
am is the covariance between the direct

and maternal genetic effects, σ2
P is the variance of the litter

common effects, A is the Wright’s numerator relationship

matrix and I is the identity matrix.

Contemporary groups were formed by combining the

period, based on the week of the year, with the year. The pe-

riods were defined as follows: period 1 = from the 48th week

to the 8th of the following year, period 2 = from the 9th week

to the 21th, period 3 = from the 22th to the 34th, and period

4 = from the 35th week to the 47th. The week and the year of

farrowing were considered in the file containing reproduc-

tive information, and the week and year of birth in the other

files. The linear and quadratic effects of age of dam at far-

rowing were included in the model for total NPB, total

NPBA and BLW.

The genetic trends for the direct and maternal addi-

tive genetic values were calculated by regression of aver-

age predicted breeding values for the traits versus the

animal’s birth year (in the case of performance traits) and

versus the dam’s birth year (in the case of the reproductive

traits).

Results

The estimates of the genetic trends for the direct addi-

tive genetic effects and their standard errors and coeffi-

cients of determination (R2) are shown in Table 1. For

performance traits, the direct additive genetic values for

males and females showed similar trends, except for ADG.

The regression equations were significant and the coeffi-

cients of determination (R2) were relatively high, except for

ADG-F, for which the regression equation was not signifi-

cant and R2 was lower (0.07), indicating that in this trait

there was no definite genetic trend. Figures 1-4 summarize

the genetic trends for a direct effect on the performance

traits.

The genetic trends for FG, AGE and BFT were nega-

tive (favorable) while those for ADG were positive (also fa-

vorable), which reflected the aim of the company’s

breeding programs, i.e., a decrease in FG, AGE, and BFT

and an increase in ADG of male and female pigs. For the re-

productive traits, the regression equations were not signifi-

cant and there were coefficients of determination lower

than 0.30, indicating that genetic trends were not well-

defined for those traits. The genetic trends for the maternal

additive genetic values, their standard errors, coefficients

of determination and significance levels are shown in Table

2. The maternal genetic trends were generally positive but
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of low magnitude. This was expected since the heritability

estimates for this effect were low (Torres Filho, 2001) and

not much attention was given to maternal effects in these

programs.

Discussion

Our results showed that there were differences in the

genetic trends for the direct additive ADG values in males

and females since this trait was evaluated in different peri-

ods according to the animals’ sex: females were evaluated

from birth to the end of test whereas males were evaluated

from 12 weeks of age up to the end of test. The genetic

progress estimated for ADG in males was 1.59 g/day/year,

lower than that one reported by Costa (1999) for Large

White pigs and higher than that reported by Paneto (1998,

cited by Pita, 2000) in an elite herd of the same breed.

The genetic trends estimates of -0.19 ± 0.04 and

-0.29 ± 0.09 day/year for AGE in males and females, re-

spectively, were lower than for the age to reach a definite

weight reported by Pita (2000) (-0.54 day/year) and by

Hudson and Kennedy (1985) (-0.90 day/year) for different

lines of Large White breed. Chen et al. (2002) reported ge-

netic trends estimates for days to reach 113.5 kg of -0.41,

-0.54, -0.13 and -0.52 for Large White, Duroc, Hampshire

and Landrace pigs, respectively; the estimate for Hamp-

shire was lower than that one calculated here, but higher

than for the other breeds.
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Table 1 - Genetic trend estimates ( $b) and respective standard errors (s( $b)), coefficients of determination (R2), and probability values (PV) for the direct

additive genetic effect.

Sex/trait $b ± s( $b) R2 PV

Performance traits

Feed:gain ratio

Male (FG-M) -0.012369 ± 0.00084102 0.98 *

Age to 100 kg LW

Male(AGE-M) -0.193674 ± 0.04679227 0.85 **

Female (AGE-F) -0.291937 ± 0.09602563 0.75 **

Backfat thickness (mm)

Male (BFT-M) -0.234929 ± 0.02855090 0.96 *

Female (BFT-F) -0.239082 ± 0.01538770 0.99 *

Average daily gain (g/day)

Male (ADG-M) 1.591731 ± 0.28159994 0.91 *

Female (ADG-F) 0.255168 ± 0.53576746 0.07 ns

Reprodutive traits

Damage at first farrowing (days)

Female (DAFF) -0.145089 ± 0.23836991 0.07 ns

Total number of piglets born

Female (NPB) 0.046891 ± 0.03464124 0.27 ns

Number of piglets born alive

Female (NPBA) 0.028315 ± 0.03056499 0.15 ns

Birth litter weight (kg)

Female (BLW) 0.023379 ± 0.03687302 0.07 ns

LW - live weight *p < 0.01, **p < 0.05, ns - not significant.

Figure 1 - Direct genetic trends for the feed:gain ratio from 1995 to 1999.

Figure 2 - Direct genetic trends for age to 100 kg from 1995 to 1999.



The estimated annual genetic trend of -0.23 ±

0.03 mm/year for BFT was lower than the value of -0.50 ±

0.03 mm described by Costa (1999), and lower than the

-0.45, -0.43, -0,31 and -0.37 for Large White, Duroc,

Hampshire and Landrace pigs reported by Chen et al.

(2002).

Despite favorable genetic trends for the performance

traits, the magnitudes were generally lower than those re-

ported in the literature. The Large White line has been un-

dergoing selection for many generations and may have

reached a high level of genetic improvement. Thus, for ex-

ample, the line used here had a BFT of 10.23 and 10.57 mm

for males and females, respectively, an ADG of 1056.45 g

for males, and an AGE of 140.37 for males and 154.16 for

females. Compared with the averages of 858.83 g and

16.5 mm for ADG and BFT, respectively, of a Large White

line studied by Costa (1999), and with averages of 149.05

days for age at the end of test, standardized for 95 kg,

14.85 mm for BFT, and 910 g for ADG in a Large White

line evaluated by Pita (2000), the line used showed better

performance than those ones with higher genetic trend esti-

mates.

In contrast to the performance traits, direct additive

genetic values for reproductive traits showed no definite

trend, which agrees with Chen et al. (2003b), Pires (1999)

and Irgang et al. (1997) who observed very little genetic

progress in reproductive traits of pigs. The low degree of

genetic progress for the reproductive traits can be explained

mainly by two factors. First, in this selection program

greater emphasis was placed on performance traits than on

reproductive traits. Second, these traits generally have a

low heritability and this may slow down genetic progress.

Chen et al. (2003b) argued that the low rates of genetic

trends were because breeders were not selecting them or

that the selection applied was ineffective because of

heritabilities. Based on a study of the reproductive traits of

lines selected for performance traits, Kerr and Cameron
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Figure 3 - Direct genetic trends for backfat tickness (mm) from 1995 to

1999.

Figure 4 - Direct genetic trends for average daily weight gain (g) from

1995 to 1999.

Table 2 - Genetic trend estimates ( $b) and respective standard errors (s( $b)), coefficients of determination (R2) and probability values (PV) for the maternal

additive genetic effect.

Sex / trait $b ± s( $b) R2 PV

Performance traits

Feed:gain ratio

Male (FG-M) 0.001718 ± 0.00045940 0.82 **

Age to 100 kg LW

Male(AGE-M) 0.059006 ± 0.01122712 0.90 **

Female (AGE-F) 0.150491 ± 0.02547769 0.92 *

Backfat tickness (mm)

Male (BFT-M) 0.047939 ± 0.00922834 0.90 **

Female (BFT-F) 0.036796 ± 0.00274920 0.98 *

Average daily gain (g/day)

Male (ADG-M) 0.073378 ± 0.05335632 0.39 ns

Female (ADG-F) -0.318887 ± 0.13088091 0.66 ns

Reprodutive traits

Damage at first farrowing (days)

Female (DAFF) -0.017234 ± 0.08424748 0.01 ns

LW - live weight. *p < 0.01, **p < 0.05. ns- not significant.



(1995) pointed out that the estimates of genetic parameters

could be biased for reproductive traits when measured in

females selected based on other performance traits.

Significant progress was achieved in the performance

traits of the line studied, while no significant alterations oc-

curred in the reproductive traits. Fredeen and Mikami

(1986) examined the correlated changes in female repro-

ductive traits in lines selected for increased growth rate and

decreased fat. These authors used the records of reproduc-

tive traits of three lines selected for nine generations, one

for maximum growth rate, another for minimum BFT, and

one for an index that combined the two traits. A comparison

of these lines to a control population showed that reproduc-

tive traits were improved in the selection programs for

growth rate and carcass merit. Based on an evaluation of

performance index (growth rate and fat) in approximately

nine generations of divergent selection, Vangen (1980) re-

ported a positive trend in litter size and litter weight in a line

of high performance, and a significant negative trend for

these traits in low performance lines. Gray et al. (1965)

found no change in litter size or litter weight during five

generations of selection for low fat, whereas Berruecos et

al. (1970), in a similar study, reported a significant decline

in litter size and litter weight. The results obtained here

agree obtained agree with those of Gray et al. (1965).

Chen et al. (2001) reported that selection for lean

growth traits was effective and should have little effect on

litter traits in a synthetic line of Large White-Meishan pigs.

Noguera et al. (2002), in an evaluation of the results of ex-

perimental selection for increased litter size in a Landrace

pig population, reported that selection was effective and

that none of the genetic responses was correlated with

growth and backfat thickness. Chen et al. (2003a) reported

that when the lean growth trait was included in a mater-

nal-trait evaluation using a multiple-trait model, accuracy

of the genetic evaluation for litter traits was increased.

Kerr and Cameron (1995) showed that a correlated re-

sponse in reproductive traits with selection for efficiency

components and growth rate depended on the selection

strategy. Thus, evaluations of alternative selection strate-

gies should include predictions of the correlated response

in reproductive traits based on unbiased estimates of the ge-

netic parameters. The information in the present study was

based on the Large White breed, which is frequently used as

a female line in breeding programs. Thus, a knowledge of

the selection impacts on the direct additive genetic effects

of performance and reproductive traits is essential for fu-

ture planning of the selection program.

For the maternal additive genetic effects considered,

the trends were significantly positive for FG, AGE, and

BFT, but were of low magnitude. Chen et al. (2002) studied

the genetic tendency of age to 113.5 kg and backfat ad-

justed for 113.5 kg in Large White, Duroc, Hampshire and

Landrace pigs, and obtained lower estimates of maternal

genetic that ranged from 0.01 to 0.05; the genetic trends for

this effect were not reported. Pires (1999) also reported low

estimates for a trend of maternal effect on reproductive

traits. According to this author, one factor that could ex-

plain low, null or negative estimates of genetic trends for

maternal effects is the antagonism between the direct and

maternal effects since, when selection is based only on di-

rect additive genetic effects, maternal ability tends to de-

crease.

Despite the low magnitude of the maternal genetic

trends, and based on the likelihood ratio test reported by

Torres Filho et al. (2003) for this same data set, the inclu-

sion of the maternal effect was significant for the traits con-

sidered here. This finding indicates that unbiased estimates

of the genetic parameters can only be obtained with a model

that includes this effect. Based on an analysis of traits mea-

sured during a post-weaning performance test in four

breeds of pigs, Johnson et al. (2002) concluded if the mater-

nal effect was important, then it would had to be included in

genetic evaluation systems in order to obtain unbiased esti-

mates of direct breeding values; a similar argument applied

if the estimates of maternal effects were low. Since the pop-

ulation used here was a female line, maternal ability is an

important trait in its evaluation.

In conclusion, genetic trends estimates for the direct

additive genetic values indicated that the current selection

program has been achieving favorable results. However,

the estimates of genetic progress showed that the trends for

reproductive traits were not as well-defined as those for

performance traits since they were lower in magnitude than

the latter.
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