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Summary

Birth weight is a trait that could be utilized in maternal and terminal swine selection
objectives. Due to its phenotypic association with survival and lifetime growth, including
birth weight in a selection program could increase the rate of genetic gain for traits in the
breeding objective. Before incorporating a trait into a selection program, it is important to
understand its relationship with all traits used as selection criteria. The objective of this study
was to estimate the relationship between pig birth weight and litter size, growth, and carcass
traits as measured in a nucleus population. Records were obtained from 7 sow farms and 6
finishers from 2001 to 2016 on two maternal lines and one terminal line. Birth weight
variance components were estimated using a model including a maternal genetic effect.
Heritability estimates ranged from 0.03 to 0.06 and 0.16 to 0.20 for the birth weight direct
and maternal genetic effects, respectively. The genetic correlations estimated in this study
were varied across lines suggesting some desirable and some undesirable relationships
between birth weight and litter size, growth, and carcass traits. Birth weight has the potential
to enhance terminal and maternal swine selection programs; however, incorporation into a
selection objective must be specific to a given line depending on the genetic relationships
between birth weight and other selection criteria in the selection objective.
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Introduction

Swine terminal line selection programs are focused on improving pig performance and
increasing profitability for commercial pork operations. In comparison, swine maternal line
selection programs place a high emphasis on reproductive performance while improving pig
performance. Birth weight is a trait that could provide benefit to both selection objectives
when included in genetic evaluations. Birth weight has been shown to be phenotypically
related to increased growth throughout a pig's life (Fix et al., 2010a; Holl and Long, 2006;
Rehfeldt et al., 2008). Additionally, it has been reported that increased birth weight is
correlated with improved survivability (Abell et al., 2016; Fix et al., 2010b). Due to the
desirable phenotypic correlations with economically relevant traits, adding birth weight to a
selection program could increase the rate of genetic gain for traits in the breeding objective.

Before deciding to incorporate a trait into a selection program, it is important to
understand its genetic relationship with all traits used as selection criteria. Integrating a new
trait into a selection program will impact the genetic trends of the selection criteria already
being utilized for selection. This impact could be positive or negative depending on the
genetic relationships between the traits. The objective of this study was to estimate the
relationship between pig birth weight and litter size, growth, and carcass traits as measured in
a nucleus population.
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Material and Methods

All records were derived from three purebred genetic lines across 7 sow farms and 6 grow-
finish units with similar management practices at each stage of production. The two maternal
populations were derived from purebred Yorkshire and Landrace herds, while the terminal
population was derived from a purebred Duroc herd. Litter size was recorded on 103,068
farrowings that occurred from May 2001 to August 2016. Performance tested animals were
born from November 2003 to March 2016 with a total of 290,871 animals completing the
performance test. Feed intake was recorded on 14,158 boars tested at one site from May 2014
to August 2016. From July 2014 to August 2016, birth weight records were collected on
75,815 individual pigs born alive. There were 9 traits included in the analysis: average daily
gain from birth to 11 weeks of age (ADGn), average daily gain from 11 to 23 weeks of age
(ADGf), backfat measured at the 10th rib (BF), loin depth measured at the 10th rib (LED),
predicted average daily feed intake (FEED), birth weight (BW), total born (TB), born alive
(NBA), and live pigs at 5 days of age (LP5TM) for the maternal lines. Live pigs at 5 days was
not included in the analysis for the terminal line.

Variance components were estimated using VCE6 (Groeneveld et al., 2010). The
model for ADGn included fixed effects of nursery site, year-herd-month of birth, and sex, a
covariate of age, and a random effect of litter. The model for ADGf included the fixed effects
of common airspace and sex, the random effects of pen and litter, and a covariate for starting
age. The model for FEED was similar to the model for ADGf, but sex was removed as a fixed
effect (due being measured only on males). The model for BF and LED included fixed effects
of common airspace and sex, a covariate of off-test weight, and random effects of pen and
litter. The model for BW included fixed effects of year-herd-month of birth, sex, and dam
parity, a covariate of total born in birth litter, and a random effect of litter. The model for TB,
NBA, and LP5 included fixed effects of year-herd-month of farrowing, parity, and mate type
(purebred or crossbred mating) and random effects of service sire and permanent
environment. The direct additive genetic random effect was fit for all traits. Additionally, a
maternal genetic random effect was fit for birth weight. The relationship matrix was derived
from pedigree information.

Results and Discussion

Heritabilities, genetic, and phenotypic correlations estimated from this study are presented in
Tables 1 and 2 for the three genetic lines evaluated. The heritability of the direct birth weight
effect (DBW) was lower than the birth weight maternal genetic effect (MBW). The
correlation between DBW and MBW was inconsistent across lines. This suggests that the
relationship between direct and maternal effects are population specific and could be result of
population structures or population means.

Maternal birth weight had a positive genetic correlation with growth rate that was
similar in magnitude for all three lines. In comparison, the magnitude of the genetic
correlation between DBW and growth was lower and more variable between the three lines.
For the Landrace and Duroc lines the genetic relationship between DBW and both carcass
traits was negative and moderate, while the Yorkshire line had a positive genetic correlation
between LED and DBW. Genetic correlations between MBW and BF were low in all 3 lines,
and the genetic correlations between MBW and LED was moderate and negative for the
Yorkshire and Duroc and low in the Landrace. The estimated genetic relationship between
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FEED and birth weight was inconsistent across lines.
Genetic correlations between birth weight and litter size traits were inconsistent across

lines. The genetic relationship between TNB and NBA and both direct and maternal BW was
low for the Yorkshire population, but the relationship between DBW and LP5 was moderate
and negative, while the relationship between MBW and LP5 was moderate and positive. For
Landrace and Duroc, the genetic correlations with TNB and NBA were low for DBW and
moderately negative for MBW. The genetic correlations estimated between MBW and LP5
for the Landrace were similar to the Yorkshire, but smaller in magnitude. The genetic
relationships estimated in this study suggest that including birth weight in a selection program
may have a desirable impact on some terminal and maternal characteristics, but may have an
undesirable impact on others.

Table 1. Heritability of birth weight direct and maternal genetic effects estimated from three
genetic lines.

Yorkshire Landrace Duroc
Direct Maternal Direct Maternal Direct Maternal

0.03 0.19 0.07 0.20 0.07 0.16

Table 2. Genetic (rg) and phenotypic correlations (rp) with birth weight direct and maternal
genetic effects estimated from three genetic lines.

Yorkshire1 Landrace Duroc
rp rgd rgm rp rgd rgm rp rgd rgm

ADGn 0.33 0.17 0.23 0.36 0.21 0.16 0.30 0.23 0.21
ADGf 0.20 0.07 0.15 0.26 0.24 0.13 0.22 0.00 0.17
BF -0.04 -0.09 0.04 -0.09 -0.29 -0.01 -0.04 -0.23 0.05
LED -0.05 0.24 -0.20 0.00 -0.26 0.04 -0.06 -0.12 -0.16
FEED 0.22 -0.03 0.23 0.22 0.20 0.00 0.23 0.05 0.19
TNB 0.05 0.08 -0.07 0.02 0.04 -0.15 -0.01 0.01 -0.28
NBA 0.04 -0.03 0.02 -0.02 0.01 -0.21 -0.04 -0.03 -0.27
LP5 0.07 -0.20 0.44 0.02 -0.12 0.11
DBW 0.11 -0.22 -0.06
1 rgd – genetic correlation with direct genetic effect, rgm – genetic correlation with maternal genetic effect

Conclusions

The results of this study suggest the maternal genetic effect of birth weight has a higher
heritability compared to the trait's direct genetic effect. Because of this, selection on the
maternal effect could be more effective in improving birth weight. Across genetic lines, birth
weight has a desirable genetic correlation with some economically relevant traits and
undesirable with others, suggesting the underlying biology, particularly as it may relate to
uterine capacity, is different between lines. Birth weight has the potential to enhance terminal
and maternal swine selection programs; however, incorporation into a selection objective
must be specific to a given line depending on the genetic relationships between birth weight
and other selection criteria in the selection objective.
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