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Efficiency of group records for prediction of breeding values
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Summary

Records on group of individuals rather than on individuals could be valuable for predicting
breeding values (BV) for the traits which are difficult or costly to measure individually, such like
feed intake in pigs. The objectives of this study are to demonstrate the feature of variance
components of group records and the model for predicting BV, and investigate efficiency of group
records for predicting BV in various situations with regard to size and structure of group and the
effects affecting the trait. The data were simulated by mimicking feed intake in pigs where the
pooled records of a pen were taken as a group record. The trait had a heritability of 0.3, and
variances of both litter effect and pen effect in proportion of phenotypic variance were 0.1 or null.
In each generation, 30 sires mated 600 sows, and each sow had one litter with six pigs available.
The models ignoring litter and pen effects had a very little or no influence on accuracy of EBV
obtained from group records. However, ignoring litter effect caused a biased estimate of additive
genetic variance and EBV. The existence of litter and pen effects reduced accuracy of EBV even
though the prediction model fitted the two effects. More littermates in the same pen led to higher
accuracy of EBV. The decay of EBV accuracy with increasing group size was more profound for
scenarios with litter and pen effects on the trait than that without the two effects. In the scenario
where a litter of six individuals were divided into two pens, accuracies of EBV obtained from group
records with size up to 15 (average 12) and up to 30 (average 24) were 73.2% and 63.6% of those
estimated from individual records in the case of no litter and pen effects, but 63.4% and 46.6% in
the case having litter and pen effects. The results indicate that using group records for genetic
evaluation of the traits such as feed intake in pig is feasible, and the efficiency depends on size and
structure of group as well as the magnitude of litter and pen variances.
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Introduction

In a breeding program, genetic progress depends on accuracy of selection, and accuracy of selection
depends on the amount of data information available. For some traits, individual records are
difficult or expensive to measure, and therefore difficult to obtain a sufficient amount of data. An
example is feed intake in pig which is one of the most important traits in pig breeding, since feed
represents 60%-70% of total cost in modern commercial pig production system (Patience et al.,
2015). Because individual recording for feed intake is expensive, individual feed intake is only
measured for a small proportion of candidates. For most candidates, their BVs are predicted using
the information from their relatives that have individual records of feed intake, as well as the
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information of correlated traits such as daily gain and lean meat percentage that are usually
recorded individually. The lack of phenotypic data of feed intake is the biggest barrier in the
genetic progress of feed efficiency.

In pig farms, a group of pigs (e.g., 12 – 15 pigs) are usually kept in a pen during a particular
growth period (e.g., from 30kg to 100kg). Although it is difficult to measure feed intake
individually which requires expensive equipment, total feed intake in pen level may be easily
measured. Many studies have reported the value of using group records for predicting BV of
individual animals (Olson et al., 2006, Biscarini et al., 2008, Cooper et al., 2010, Peeters et al.,
2013). However, all these studies considered only additive genetic effect along with residual as
random effects in the model. It is necessary to expand the previous approaches to handle multiple
fixed and random effects such as litter and pen effects on feed intake in pigs.

The objectives of this study are to: 1) demonstrate the estimation of variance components
using group records and the model fitting group records with both additive genetic and non-genetic
random effects (litter and pen effects), 2) investigate the prediction accuracy using full model and
reduced models, and 3) compare prediction accuracy in different scenarios. The study was based on
simulated data mimicking feed intake in pigs.

Materials and Methods

Model and variance components for group records

Assume that a trait (y) such as feed intake in pigs is affected by additive genetic effect (a), litter
effect (l), pen effect (c) and some fixed effects (b), a linear mixed model for individual record is

, (1)

Where are the incidence matrices linking l, c and a to y. The expectation and
variance of y are

, .
A model for group records (here a pen as a group) equivalent to the model for individual

records can be written as

. (2)
where T is an indicator matrix, which links an individual record to a particular group. The matrix
has number of rows equal to number of groups (NG) and number of columns equal to total number
of animals with records (N). The element Tij is 1 if the jth animals belong to the ith group, and else
0. Matrix T used here is to sum variables for each level of particular factor within a group.

Since individual records within a group are not available, the above model is further written
in a typical form of linear mixed model,

, (3)

where , , , , , and .

Thus, y* is the vector of group records with element , where ngi is the number of

animals in the ith group. In matrix , , and , the number of rows is equal to number of

groups, and number of columns equal to that in X, Zl, Zc, and Za, respectively. The element is
the number of animals in the ith group located in the jth level of fixed effect, or the sum of



regression covariables. The element is the number of animals of the ith group located in the jth

litter. The element is the number of animals of the ith group located in the jth pen. When

taking a pen as a group, is a diagonal matrix with equal to group size. The element is

1 or 0 to indicate if the jth animal is in group i. Thus, the number of 1’s in the ith row of is equal
to the number of animals in the ith group. The expectation and variance of y* are

, ,
where R is a diagonal matrix with R(ii)=ngi.

Denote as a row of , respectively. Variance of accumulative litter effect in
a group record is

, (4)
where NL is the number of litters in a group, and nlk is the number of littermates of litter k in the
group. Variance of accumulative pen effect of a group (here a pen = a group) is

. (5)
Additive genetic variance in group level is

. (6)
For random residual of a group record,

. (7)
Therefore, as long as the model for group records is consistent with the model for individual

records, the estimates of variance components from the two types of records are expected to be the

same. It should be noted that is a diagonal matrix with diagonal elements equal to . If

group (pen) size is constant, . In such case, the covariance matrix for pen effects is
proportional to the covariance matrix of residuals. Consequently, pen effect is not identifiable.

Simulation of data

Estimation of variance components and prediction of BV using group records were evaluated using
simulated data, where observations were generated by mimicking feed intake in pig population. To
simplify the simulation procedure, the simulated populations were under random selection and
mating, sows had first parity only, and generations were non-overlapping. Each generation had 30
sires, each sire mated 20 dams, and each litter had six individuals available. In total, eight
generations of data were simulated but only the last five generations of phenotypic data were used
in the analysis.

Two sets of phenotypic values were simulated. In phenotype 1, yalp = litter effect + pen effect

+ additive genetic effect + residual, and the variance components were =120, =40, =40

and =200. In phenotype 2, ya = additive genetic effect + residual, and the variance components

were =120, and =280. It was assumed that , , ,



and .
A group record was defined as the sum of individual records within a pen. Three group

structures for initial group size of 12 were generated. 1) L1x6G12: all individuals of a litter were put
into a pen and thus a pen included two litters. 2) L2x3G12: a litter was randomly divided into two
sub-litters (3, 3) which were randomly distributed to pens, and thus a pen covered four litters
initially. 3) LranG12: the individuals of a litter were randomly distributed to pens. Scenario L2x3G12

was taken as basic scenario for detailed analysis. To investigate effect of group size on prediction of
BV, different scenarios of group size were simulated by setting 1 to 10 sub-litters (each 3
individuals) into a pen, corresponding group sizes of 3 to 30 (denoted as L2x3G3, …, L2x3G30). The
construction of groups was performed within generation. To create different group sizes within a
scenario, 20% of individuals were randomly deleted (but kept all breeding animals). Thus, the
group sizes within a scenario followed a binomial distribution with mean group size equal to 80%
of pre-designed size. For each scenario, 100 replicates were generated, and the mean of the 100
replicates was presented.

Statistical models to analyze the simulated data

For data of scenario L2x3G12 with litter effect (l) and pen effect (c), variance components and
breeding values were estimated using the following four models

. (MALP)

. (MAL)

. (MAP)

. (MA)
For data without litter and pen effects (ya), variance components and BVs were estimated

using model MA with residuals e*. To compare the effect of different group sizes and structures on
prediction of BVs, BVs were estimated using model MALP or MA with true variance components for
phenotype with or without litter and pen effects. The data sets of individual records were also
analyzed using the models for individual records.

The estimation of variances and prediction of BVs were performed using DMU package
(Madsen and Jensen, 2013). The efficiency of group records for predicting BV was assessed by
accuracy and unbiasedness of prediction. Accuracy was calculated as correlation between EBV and
true breeding value (TBV). Unbiasedness was measured as regression of TBV on EBV.

Results and discussion

Variance components estimated from the data of basic scenario (L2x3G12) using different models are
shown in Table 1. Variance components were unbiasedly estimated using the full model (MALP).
The models ignoring litter effect (MAP and MA) overestimated additive genetic variance, indicating
part of litter effect moved to additive genetic effect due to strong genetic relationship between
littermates (r=0.5). MAP also overestimated variance of pen effect, suggesting part of litter effect
moved to pen effect. On the other hand, model ignoring pen effect (MAL) led to unbiased estimate
of additive genetic variance, but overestimated variance of litter effect, indicating that a part of pen
effect moved to litter effect. It was also observed that when model included pen effect (MALP and
MAP), the estimate of residual variance had a large standard error, indicating the difficulty to
distinguish pen effect from residual effect.



Table 1. Estimates of variance components (averaged over 100 replicates) using different models
for the basic scenario, where both litter and pen effect were simulated (L2x3G12).

Model
(SD) (SD) (SD)

Simulated 120 40 40
MA 133.1(28.8)
MAL 118.8(26.5) 48.7(22.6)
MAP 129.7(27.5) 46.2(16.9)
MALP 118.5(25.7) 38.8(22.4) 40.4(17.0)

As shown in Table 2, when litter and pen effects existed in simulated phenotypes, models
ignoring litter and pen effects significantly reduced accuracy of EBV obtained from individual
records, and ignoring litter effect caused a serious inflation of EBV as regression coefficient was
much lower than 1. However, when analyzing group records, models ignoring litter and pen effects
did not reduced accuracy of EBV, while it led to a slight bias of EBV. The ratio of accuracy of EBV
obtained from group records to that from individual records was 0.68. When litter and pen effects
did not exist, accuracy of EBV obtained from individual records slightly increased, while accuracy
of EBV obtained from group records increased considerably. The ratio of accuracy of EBV
obtained from group records to that from individual records was 0.77. The results indicate that the
magnitude of litter and pen effect have a considerable influence on accuracy of EBV using group
records.

Table 2. Accuracy of EBV and regression of TBV on EBV from different models with estimated
variance components for the basic scenario (L2x3G12),

Litter and pen
effects simulated

Model Group record Individual record
Accuracy Reg Accuracy Reg

Yes MA 0.478 0.95 0.674 0.77
MAL 0.478 1.01 0.693 1.00
MAP 0.479 0.96 0.691 0.83
MALP 0.479 1.01 0.702 1.00

No MA 0.549 1.01 0.714 1.00

Accuracies of EBV in relation to group structure are shown in Table 3. Given the same group
size, more littermates in the same pen led to higher accuracy of EBV when using group records,
regardless of existence of litter and pen effects. The results confirmed previous reports that closer
relationship between individuals within groups resulted in higher accuracy of EBV when using
group records (Olson et al., 2006). In contrast, when using individual records, accuracy of EBV
slightly reduced with increasing number of littermates in the same pen when litter and pen effects
existed. Considering most traits can be measured individually, putting more littermates in the same
pen may not be optimal in a pig breeding program.

Table 3. Accuracy of EBV for different structures of group with size up to 12 (average 9.6).

Litter and pen
effect simulated

Model Litter and pen Group
record

Individual
record

Yes MALP with A litter into 1 pen 0.529 0.696



true variance
components

A litter into 2 pen 0.480 0.702
Randomly into pens 0.407 0.706

No MA with
true variance
components

A litter into 1 pen 0.598 0.714
A litter into 2 pen 0.550 0.714
Randomly into pens 0.476 0.715

Figure 1 shows the accuracy of EBV obtained from group records in different group sizes
ranged from 1 to 30. There was a clear trend that accuracy of EBV decayed with increasing group
size. Similar results were reported by Olson (2006). The decay was more profound for phenotype
with litter and pen effects than that without the two effects. Accuracy of EBV obtained from group
records with size up to 15 (average 15*0.8=12, such as one feeder for one pen) and up to 30
(average 24, such as one feeder for two pens) was 73.2% and 63.6% of those estimated from
individual records in scenario of no litter and pen effect, but 63.4% and 46.6% in scenario having
litter and pen effects. The results suggest that group records are valuable for predicting breeding
values of feed intake in current pig production systems, where a feeder provides feed to about 12-
15 pigs or 24-30 pigs (a feeder for two pens).

Figure 1. Accuracy of EBV at different group sizes for phenotypes with or without litter and pen
effects in scenario where three littermates together were randomly allocated into a pen.

Conclusions

This study extended the model for group records to be able handle litter and pen effect with
different group sizes, and investigated the efficiency of using group records for genetic evaluation
of feed intake in various scenarios. Based on the results from this study, it can be concluded that
litter and pen effects are able to be estimated based on group records, using group records for
genetic evaluation of the traits such as feed intake in pig is feasible, and the efficiencies of group
records for predicting BV depend on the size and structure of group as well as the magnitude of
litter and pen effects.
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