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Genetics of performance and disorder traits of broiler chicken.
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Summary

Stronger intensity of selection with the genomic information can negatively affect fitness
including disease resistance and mortality. Adequate modelling of traits including categorical
may be paramount to assess side effects of selection for major traits. Four performance-
related traits [growth trait (GROW), two feed efficiency traits (FE1 and FE2), and dissection
trait (DT)] and 4 categorical traits [mortality (MORT) and 3 disorder traits (DIS1, DIS2 and
DIS3)] were analyzed using linear and threshold single- and multiple-trait models. Field data
included 186,596 records of commercial broilers from Cobb-Vantress, Inc. Average-
information restricted maximum likelihood and Gibbs sampling-based methods were used to
obtain estimates of the (co)variance components, heritabilities, and genetic correlations in a
traditional approach using best linear unbiased prediction (BLUP) and multiple-trait
threshold-linear model. The ability to predict future breeding values (measured as realized
accuracy) was checked in the last generation when traditional BLUP and single-step genomic
BLUP were used. Heritability estimates for GROW, FE1, and FE2 in single- and multiple-
trait models were similar and moderate (0.22 to 0.26) but high for DT (0.48 to 0.50). For
MORT, DIS1, and DIS2, heritabilities were 0.13, 0.24, and 0.34, respectively. Estimates from
single- and multiple-trait models were also very similar. However, heritability for DIS3 was
higher from the single-trait threshold model than for the multiple-trait linear-threshold model
(0.29 vs. 0.19). Genetic correlations between growth traits and MORT were weak, except for
maternal GROW, which had a moderate negative correlation (-0.50) with MORT. The genetic
correlation between MORT and DIS1 was strong and positive (0.77). Feed efficiency 1,
which was moderately heritable (0.25) and is highly selected for, was not genetically related
to MORT of broilers and other disorders. Broiler MORT also had moderate heritability
(0.13), which suggests that MORT and FE1 can be improved through selection without
negatively impacting other important traits. Selection of heavier maternal GROW also may
decrease offspring MORT. Analyses of multiple categorical and continuous traits by a
multiple-trait threshold-linear model give a clearer picture of the relationship between
production and disease traits compared to single-trait linear models. Genomic predictions
using such a model are possible although time consuming.
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In this study, we had access to 3 disorder traits, 4 performance traits and mortality of
broiler chicken. The objectives were to 1) evaluate the genetic associations of underlying
mortality with growth, efficiency and disorder traits in broiler chickens, thereby verifying if
selection for performance is correlated to mortality, and 2) assess and compare the abilities of
complex multiple-trait models to predict future breeding values for all studied traits including
3 categorical and 4 linear traits when large number of phenotypic and genomic information is
available.

Material and methods

Data

Cobb-Vantress, Inc. (Siloam Springs, AR) provided data for purebred broiler chickens from
20 overlapping mating groups from multiple breeder flocks. After data edits, 186,596 birds
with at least 1 record for any of 8 traits were present in the data set. Pedigree data was
available for 188,936 birds. In total, 420 contemporary groups (CG) were defined by
combining effects of age of hen and rearing pens. Four continuous traits related to growth
(GROW), feed efficiency (FE1 and FE2), and a dissection trait (DT), and 4 categorical traits
related to mortality (MORT) and disorders (DIS1, DIS2, and DIS3) were evaluated (Zhang,
2015 & Zhang et al., 2015). Categorical traits MORT, DIS1, and DIS2 were classified as 0
(alive or normal) or 1 (dead or abnormal). The DIS3 was scored as 0 (normal) to 6 (severe
disorder).

Genomic data were obtained for 18,047 birds using a moderate-density (60k) Illumina
(San Diego, CA) SNP BeadChip for chicken (Groenen et al., 2011). After quality control,
38,609 autosomal SNP were retained as call rate >0.9, minor allele frequency >0.05, and
departure from Hardy-Weinberg equilibrium <0.15, with known position.

Statistical Models

All traits were modelled individually with single-trait models, and then combined in an 8-trait
analysis. Linear models were used for growth and efficiency traits (GROW, FE1, DT, FE2),
and threshold models were used for the categorical traits (MORT, DIS1, DIS2, and DIS3).
Additive maternal genetic and maternal permanent environmental effects were added for
GROW. Sex was included as a fixed effect for all traits except DT. For the categorical traits,
the threshold model assumed a liability distribution of the categorical traits (MORT, DIS1,
DIS2, and DIS3) with the similar effects as linear model. The model accounted for the fixed
effects of sex and mating group, whereas random effects were additive direct genetic and CG.

Genetic components were assumed to be correlated, whereas random CG effects and
residual components were assumed to be uncorrelated. For categorical traits, heritabilities
were reported on the liability scale.

Estimation of Breeding Values and Validation

Realized accuracies were assessed using a procedure described by Ramirez-Valverde et al.,
(2001). Briefly, the correlation of EBV from 2 samples that did not overlap, each with half of
the phenotypes selected across CG was measured. The correlations were computed only for
genotyped animals in the last generation, were averaged across 10 replicates, and are
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measures of realized accuracy.
The multi-trait analysis was run using the estimated (co)variance components from

traditional BLUP of estimated breeding values (EBV) and from single-step genomic BLUP of
genomic EBV. The mixed-model equation for single-step genomic GBLUP was used, with an
H-1 as the inverse of a matrix that combines pedigree and genomic relationships (Aguilar et
al., 2010).

Computation and Software

The AIREMLF90 program (Misztal et al., 2002) was used to estimate the variance
components of the single-trait linear models with a convergence criterion of 10-12. The
THRGIBBS1F90 program (Tsuruta and Misztal, 2006) was used to estimate variance
components of the single- and multi-trait threshold models. The POSTGIBBSF90 program
(Tsuruta and Misztal, 2006) was used to check convergence and to calculate posterior means.
The burn-in size ranged from 5,000 to 150,000 depending on the trait. Traditional and
genomic EBV were computed using BLUPF90 (Misztal et al., 2002) with the convergence
criterion set to 10-14 and THRGIBBS1F90 with an option to store solutions.

Results

For the continuous traits, heritability was highest (0.48) for DT and moderate for FE2 (0.22),
FE1 (0.26), and GROW (0.20). Maternal GROW heritability was low (0.04). For the
categorical traits, heritability estimates were 0.12 for MORT, 0.22 for DIS1, 0.33 for DIS2,
and 0.29 for DIS3 (Table 1). Multi-trait heritability estimates (Table 2) for the continuous
traits were similar to single-trait estimates except for GROW. The multi-trait heritability for
GROW (0.26) was higher than the single-trait heritability (0.20); multi-trait heritability for
maternal GROW (0.08) was twice as high as single-trait heritability (0.04).

Table 1. Posterior means (± SD) of genetic parameters for mortality and disorder traits using
single-trait threshold models.

Statistic MORT1 DIS11 DIS21 DIS31

0.14 ± 0.01 0.31 ± 0.02 0.53 ± 0.05 0.45 ± 0.06
0.03 ± 0.00 0.09 ± 0.02 0.06 ± 0.01 0.04 ± 0.01
1.00 ± 0.01 1.00 ± 0.01 1.00 ± 0.01 1.04 ± 0.02

0.12 ± 0.01 0.22 ± 0.02 0.33 ± 0.02 0.29 ± 0.02
1MORT: mortality; DIS1: disorder trait 1; DIS2: disorder trait 2; DIS3: disorder trait 3.

2 , additive direct genetic variance; , contemporary group variance; , residual variance; ,
heritability on the liability scale.

Genetic correlations between continuous traits were generally weak (≤0.28) except
between direct and maternal GROW, which was moderate and negative (-0.53). Genetic
correlations between GROW and FE2 (0.28) and FE1 and FE2 (0.22) were slightly stronger
than correlations between other growth and efficiency traits. Genetic correlations among
disorder and mortality traits also were weak except between MORT and DIS1 (0.77). This
result is most likely because all DIS1 birds that are affected are also considered dead. Genetic
correlations between continuous and categorical traits varied greatly. Moderate positive
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correlations were found between GROW and DIS1 (0.27), FE2 and DIS1 (0.25), and GROW
and DIS3 (0.23). Maternal GROW had a moderate negative correlation with MORT (-0.50)
and DIS1 (-0.37).

Table 2. Genetic correlations (above diagonal) and heritabilities (on diagonal) from the
multi-trait threshold-linear model for continuous growth and efficiency traits and categorical
mortality and disorder traits.

Trait GROW1 GROWm
1 FE11 DT1 FE21 MORT1 DIS11 DIS21 DIS31

GROW 0.26 -0.53a2 0.00 -0.12a 0.28a 0.13 0.27a 0.17a 0.23a

GROWm 0.08 0.09 0.11 0.03 -0.50a -0.37a 0.00 -0.13a

FE1 0.25 0.14a 0.22a 0.01 0.08a 0.01 0.18a

DT 0.50 0.00 0.04 -0.06 -0.01 -0.15a

FE2 0.21 0.14a 0.25a -0.03 -0.10
MORT 0.13 0.77a -0.02 0.10
DIS1 0.24 0.02 0.08
DIS2 0.34 0.11
DIS3 0.19
1GROW: growth trait; GROWm: growth maternal trait; FE1: feed efficiency trait 1; DT: dissection trait; FE2:
feed efficiency 2; MORT: mortality; DIS1: disorder trait 1; DIS2: disorder trait 2; DIS3: disorder trait 3.
2aDifferent (P < 0.05) from 0 by 2 SD.

The use of genomic information increased the accuracy of predicting future breeding
values for all 8 traits, especially performance traits (Figure 1.). An average gain of 18
percentage points (0.76 vs. 0.58) over traditional BLUP EBV was observed for all
performance, whereas the gain for MORT and disorders was 7 percentage points (0.54 vs.
0.47).

Discussion

The genetic associations among 8 traits suggests that 1) the Growth trait has a mild
unfavourable correlation with the disease traits evaluated in this study, 2) DIS1 is positively
correlated with MORT, 3) selection for heavier and more efficient animals will likely not
increase the incidence of MORT and disorders. Furthermore, offspring MORT can be reduced
by selecting for heavier maternal GROW, therefore 4) it’s possible to select broilers on
Growth, FE1, FE2 and MORT together, 5) the ability to predict future breeding values for
performance, MORT, and disorder traits increased when genomic information was available.
Although the increase was more evident for performance traits, genomic information was also
valuable for MORT and disorder traits.

Analyses of multiple categorical and continuous traits by a multiple-trait threshold-
linear model give a clearer picture of the relationship between production and disease traits
compared to single-trait linear models. In particular, heritabilities obtained using the threshold
model are more realistic and not dependent on incidences in locations over time. Also,
multiple trait threshold-linear models have a capability to better account for selection bias.
Using THRGIBBS1F90, the variance components of the threshold-linear model could be
estimated first to further estimate the individual GEBV. Although time consuming in the
current study because of necessity of generating many samples and large cost per round due
to using a dense genomic relationship matrix (GRM, using single-step approach), the cost can
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be greatly reduced by incorporating the APY inverse of GRM (Misztal, 2016; Fragomeni et
al., 2017).
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Figure 1. Realized accuracy of estimated breeding values from best linear unbiased prediction
(BLUP) and of genomic estimated breeding values from single-step genomic BLUP
(ssGBLUP) using multi-trait linear-threshold models. GROW: growth trait; FE1: feed
efficiency trait 1; DT: dissection trait; FE2: feed efficiency 2; MORT: mortality; DIS1:
disorder trait 1; DIS2: disorder trait 2; DIS3: disorder trait 3.


