
7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

GENETIC PARAMETERS AND RESPONSES TO NINE GENERATIONS OF 
SELECTION TO INCREASE LITTER SIZE IN SWINE 

 
 

J.W. Holl and O.W. Robison 
 

North Carolina State University, Raleigh, NC 27606, USA 
 
INTRODUCTION 
Increasing litter size is of economic importance (Tess et al., 1983). In mice, selection directly 
on litter size has been successful (Joakimsen and Baker, 1977; Gion et al., 1990). However in 
swine, direct selection for litter size has been unsuccessful (Ollivier, 1982). Selection for 
components of litter size using a selection index has yielded an increase in litter size (Neal et 
al., 1989; Johnson et al., 1999).  
 
Although some studies report genetic correlations of litter size with other traits (Young et al., 
1978; Johansson and Kennedy, 1983; Bereskin, 1984; Hermesch et al., 2000), none have 
reported the realized response in a selection experiment affecting traits such as backfat and 
days to a slaughter weight. Therefore, objectives of this study was to increase litter size using 
estimated breeding values from an animal model and to report the direct and correlated 
responses to selection. 
 
MATERIALS AND METHODS 
The population was a composite of Large White and Landrace from the Nebraska control line 
(Neal et al., 1989). Generations -2 and -1 were mated randomly. Pigs of Generation -1 were 
randomly assigned to either a control line (Line C) or selected line (Line S). Selection began in 
Generation Zero. 
 
Selections were based on estimated breeding values (EBV) for number of live pigs born 
estimated from an animal model using MTDF REML. The model included fixed effects of 
generation and random genetic effects. Selection in Line C attempted to maintain EBV's at 
approximately zero while selection in Line S was for increased EBV. In Line S, 48 to 60 gilts 
and 15 boars per generation were selected. In Line C, approximately 30 females and 10 boars 
were selected. All matings were at random except for avoiding full- and half-sibs.  
 
Pigs were cross-fostered to standardize the size of litter reared by each dam. At 28 days of age, 
pigs were weaned. At approximately 140 days of age, backfat at the 7th rib and over the loin, 
and weight were recorded. Number born alive (NBA), days to 104 kg (DAYS) and mean 
adjusted backfat (BF) were analyzed. 
 
The mean number of live pigs was calculated for each line-generation subclass. Individual 
selection differential (ISD) was calculated as half of the difference between size of the litter the 
individual animal was born into and the average litter size of that generation and line. 
Cumulative selection differential (CSD) was calculated as the mean CSD of parents plus ISD.  
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Realized heritability estimates were obtained from regression of response on CSD. Heritability 
was also estimated from daughter-dam regression within boars, half-sib analysis and from an 
animal model, using the MTDFREML programs.  
 
A weighted multiple regression procedure as described by Quijandria et al. (1983) was used to 
obtain estimates of realized heritability. The following model was used: Yijkl = Ai + Bj + Ck(j) + 
Eijkl, where Yijkl is the dependant variable of the number of live pigs born to the animal, Ai is 
the fixed effect of the ith generation, Bj is the fixed effect of the jth line (C or S), Ck(j) is the 
effect of the CSD within the jth line, and Eijkl is the random error. 
 
Annual trends were also estimated by regression. Genetic trends were estimated by regressing 
EBVs on generation number. Phenotypic trends were estimated by regressing phenotypic 
values on generation number. In addition, the difference between line means were regressed on 
generation number. 
 
RESULTS AND DISCUSSION 
Estimates of heritability for each trait by line are summarized in Table 1.  
 
Table 1. Estimates of heritability 
 

MethodA TraitB Line S Line C 
A NBA .01 .01 
B  .04 .06 
C  .00 .23 
D  .09 .11 
A BF .17 .27 
B  .09 .10 
C  .27 .40 
A DAYS .50 .43 
B  .35 .28 
C  .56 .43 
AA = REML; B = daughter-dam regression within sires; C = half-sib 

analysis; D = weighted multiple regression. 
BNBA = number born alive; BF = adjusted backfat, mm; DAYS = 

days to 104 kg. 
 
The REML estimates of heritabilities are from a multiple trait model, but estimates were 
consistent regardless of the number of traits in the model. Heritabilities for NBA were similar 
for both lines when estimated by REML, daughter-dam regression within sires, and weighted 
multiple regression. Line C heritabilities for NBA were consistently higher than Line S, except 
when estimated using REML. The REML estimates of heritabililies were lower than those 
reported by Lamberson et al. (1991), Johnson et al. (1999), and Hermesch et al. (2000), but 
similar to the value reported by Haley and Lee (1992) using DFREML. Heritabilities estimated 
by weighted multiple regression were similar to those reported by Haley et al. (1988). Using 
daughter-dam regression, heritability estimates were lower than those reported (Haley et al., 
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1988; Lamberson et al., 1991). Estimates of heritability for BF were higher in Line C than Line 
S for all methods, although both were lower than REML estimates reported by Ferraz and 
Johnson (1993). Estimates of heritabilies for DAYS were higher in Line S than in Line C for 
all methods. 
 
The REML estimates of genetic correlations for each line are given in Table 2. Line S 
consistently had larger genetic correlations than Line C; however, none were significantly 
different. Estimated genetic correlations between NBA and BF were higher than those reported 
by Young et al. (1978), Johansson and Kennedy (1983), and Hermesch et al. (2000). Estimates 
of genetic correlations between NBA and DAYS were similar to those reported by Young et al. 
(1978) and Bereskin (1984), but differed from estimates reported by Johansson and Kennedy 
(1983).  
 
Table 2. REML estimates of genetic correlations among number born alive, adjusted 
backfat, and days to 104 kg for Line S (below) and Line C (above) 
 

TraitA NBA BF DAYS 
NBA - 0.36 0.00 
BF 0.54 - 0.30 

DAYS 0.10 0.50 - 
ANBA = number born alive; BF = adjusted backfat, mm; DAYS = days to 

104 kg. 
 
The regression of mean difference in NBA between Line S and Line C on difference in CSD 
between Line S and Line C yielded a realized heritability of .13 ± .07. This is similar to the 
estimate of realized heritability by Lamberson et al. (1991). This estimate was higher than all 
other estimates, except the estimate for Line C using half-sib analysis. 
 
Table 3. Coefficients (b) and SE for regression of estimated breeding values on generation 
by trait and line and the difference of the line means 
 

 Line S Line C S - C 
TraitA b  se  b  se  b  se 
NBA .053 ** .002  -.026 ** .004  .078 ** .008 
BF .054 ** .013  .026  .023  .027  .027 
DAYS .398 ** .113  -.532 ** .166  .889 * .367 

  ANBA = number born alive; BF = adjusted backfat, mm;  DAYS = days to 104 kg.  
*P<.05. **P<.01. 
 
Regressions of EBV on generation number are given in Table 3. Line S regressions were 
positive and significant for NBA, BF, and DAYS (P<.01). Line C regressions were negative 
and significant for NBA and DAYS (P<.01). There was not a significant increase in backfat for 
Line C. The difference between lines in NBA increased by .078 pigs per year (P<.01). This 
estimate is slightly higher than the response of .053 pigs per generation to direct selection for 
litter size following selection for ovulation rate reported by Lamberson et al. (1991). 
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Regression of difference in mean BF EBV on year was not significant. The difference in mean 
EBV for DAYS was .889 days per year (P<.05). 
 
Phenotypic trends are given in Table 4. The regression of NBA was significant for Line S 
(P<.01) and similar to the response over five generations reported by Ollivier (1982). Adjusted 
backfat and DAYS were not significant for Line S. No regressions were significant for Line C. 
The mean difference between lines for NBA increased by .123 pigs per year, but was not 
significant. The mean difference between lines for BF and DAYS did not change significantly 
also. 
 
Table 4. Coefficients (b) and SE for regression of phenotype on generation by trait and 
line and the difference of the line means 
 

 Line S Line C S - C 
TraitA b  se  b  se  b  se 
NBA .144 ** .053  .001  .079  .123  .077 
BF -.012  .087  -.043  .153  -.129  .144 
DAYS .307  .278  -.519  .463  .988  .731 

ANBA = number born alive; BF = adjusted backfat, mm;  DAYS = days to 104 kg.  
**P<.01. 
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