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Summary

This simulation study examines the value of commercial records obtained from a DNA
pooling approach as an information source for a domestic Australian Angus selection index. It
is demonstrated that information from DNA pooling can be used in the same way as that from
classical progeny testing. Commercial information obtained from DNA pooling can improve
genetic response and dollar returns for a domestic Australian Angus breeding objective.
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Introduction

Genomic selection in beef cattle breeding has been targeted to the stud sector. The size of the
reference population is critical to the accuracy of the genomic predictions (Goddard and
Hayes, 2009). However, the cost of phenotyping large numbers of animals, particularly for
hard to measure traits, is substantial. A large number of phenotypic measures are routinely
collected on commercial properties, but are not recorded due to the cost involved in data
capture. For example, cattle are routinely weighed and that information is used for
management purposes, but it is not formally captured in a data base. In addition, from a
classical genetic evaluation perspective, such information could not be used anyway because
pedigree is normally not available for commercial animals.

Low-cost genotyping techniques might see the application of genomics in the
commercial sector and facilitate information flow from the commercial sector back to the
seed stock producer. DNA pooling approaches, which allow for cost-effective estimation of
sire genomic breeding values (GEBV) and the sire contribution to pools, have been explored
in sheep, cattle and also aquaculture species (Sonesson et al., 2010, Henshall et al., 2012, Bell
et al., 2014, Reverter et al., 2016, Bell et al., 2017). The on-farm application is straight
forward. When animals are phenotyped during commercial husbandry procedures, biological
samples are collected in a simple additional step. In the laboratory, samples are pooled
according to phenotype. Each pool is genotyped with a SNP array and sires of the phenotyped
animals are individually genotyped. From the genotype information, the contribution of the
sires to each of the pools can be estimated. Since pools were established based on phenotype,
we can establish a breeding value for sires based on their genetic representation to the high
and low performing pools.

This paper describes a simulation study that uses a selection index approach to quantify
how DNA pooling can augment the classical information sources to improve index accuracy.
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Materials and methods

Index accuracies, genetic responses and total dollar response for variations of a domestic
Australian Angus selection index were predicted using selection index theory (Hazel, 1943).
Some index scenarios included commercially collected phenotype information as selection
criteria, which is made available through DNA pooling. These scenarios were compared to a
base index without information from pools. The index, relative economic values and genetic
and phenotypic parameters were published by Archer et al. (2004) and are summarised in
Table 1.

The breeding objective included sale weight (SW, in kg), dressing percentage (DP, in
%), percent saleable meat (SMP, in %), fat depth (FD, in mm), cow weaning rate (CWR, in
%), cow survival rate (CSR, in %) and cow weight (CWT, in kg).

Table 1. Breeding objective traits – phenotypic standard deviation (σ2p), heritability (h2) and
economic value (EV, in $) and genetic correlations with the commercial (c) selection criteria
(rg) (Archer et al. 2004).

Trait* σ2p h2 EV rg cDP2 rg cSMP2 rg cFD2

SW 34.64 0.31 0.81 -0.06 -0.03 0.06
DP 1.80 0.33 6.39 1 0.10 0.17
SMP 2.00 0.56 5.03 -0.03 1 -0.63
FD 1.98 0.41 0.7 0.06 0.17 1
CWR 32.50 0.05 0.93 0 0 0
CSR 9.95 0.03 3.73 0 0 0
CWT 46.90 0.41 -0.15 0.73 -0.05 0
1sale weight (SW, in kg), dressing percentage (DP, in %), percent saleable meat (SMP, in %), fat depth (FD, in
mm), cow weaning rate (CWR, in %), cow survival rate (CSR, in %) and cow weight (CWT, in kg)
2dressing percentage commercial (cDP), percent saleable meat commercial (cSMP), fat depth commercial
(cFD)

Selection criteria included birth weight (BWT, in kg), 200 day weight (WT200, in kg),
400 day weight (WT400, in kg), days to calving (DC), mature cow weight (CWT, in kg) and
ultrasound scanning measures of fat depth at the P8 site (P8, in mm), fat depth between the
12th/13th rib (RIB, in mm), eye muscle area (EMA, in mm) and intra muscular fat (IMF, in
mm). Selection index scenarios that explored the value of information from DNA pooling,
included carcass traits measured on commercial progeny as additional selection criteria.
These traits were dressing percentage (cDP, in %), percent saleable meat (cSMP, in %) and fat
depth (cFD, in mm), “c” indicating “commercial information”. Pools were formed by
grouping similar numbers of animals on their ranked phenotype and the average becomes the
phenotype of the pool. Genotype by environment interactions were not considered in this
study and the breeding objective traits (SW, DP and SMP) are assumed to be the same traits
as the commercial selection criteria (cSW, cDP and cSMP). The genetic correlations as
published are shown in Table 1 (Archer et al., 2004).

The value of the information derived from DNA pooling to a selection index is
equivalent to a progeny test, because the proportional contribution of each sire to a pool can
be estimated by regressing the sire genotypes on the allele frequencies of the pools (Bell et
al., 2014). The number of progeny of each sire in each pool can be inferred if the total
number of animals that contributed to a pool is known. Because the DNA pooling approach
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suggests a pooling design based on phenotype (Henshall et al., 2012), we know the phenotype
of the pool. Therefore, the commercial progeny information was included in the selection
index like a classical progeny test. In this study we evaluated a selection index without
information from pooling (base index), and selection index scenarios where the total number
of progeny of a sire ranged between 10, 50, 100 or 1,000 progeny across pools. Although the
number of pools is key to using pooling successfully, it is not relevant to specify in this study,
because for the selection index approach only the total number of progeny their phenotypes
per sire across pools is important. Conceptually, 10 or 50 progeny of a single sire might
represent a pooling approach for a single herd, whereas scenarios with 100 or 1,000 progeny
per sire relate to progeny information collected from multiple properties that used the same
sire.

For all index scenarios, selection criteria were recorded on the selection candidate and
his parents. The differences between the base index and index scenarios that use pooling
information are the number of progeny that inform the selection criteria. For the base index,
we assumed that each bull was mated via artificial insemination to 50 cows. With a calving
rate of 90% and mortality rate of 5% and not all progeny being measured, traits were
recorded on 30 half-sibs for traits expressed in both sexes and 15 half-sibs for reproduction
traits. For selection index scenarios that used information from pooled DNA, records were
obtained from 10, 50, 100 or 1,000 progeny of the selection candidate across pools.

Results and discussion

In this study, the base index yielded an accuracy of r=0.41 and an index response of $7.45 per
animal per round of selection. When commercial carcass information was included through a
DNA pooling approach, the accuracy increased up to r=0.55 with 1,000 commercial progeny.
Compared with the base index, total dollar response increased by $1.63 with 10 progeny to
$2.54 and $2.74 with 100 and 1,000 commercial progeny respectively, indicating a benefit
from the inclusion of sufficient commercial progeny records through DNA pooling (Table 2).

Table 2. Total dollar ($) response per animal per round of selection, accuracy and trait
responses for a Domestic Angus (DA) index without and with information from DNA pooling
(number of progeny of the selection candidate across pools vary between 10- 1000).

Number of progeny of selection candidate across pools
Base 10 50 100 1,000

Total $ response 7.45 9.08 9.82 9.99 10.18
Accuracy 0.41 0.49 0.53 0.54 0.55
SW1 (kg) 9.19 7.55 7.14 7.06 6.96
DP1 (%) 0.03 0.03 0.04 0.05 0.05
SMP1 (%) 0.26 0.78 0.95 0.98 1.01
FD1 (mm) 0.01 -0.08 -0.03 -0.01 0.03
CWR1 (%) 0.35 0.28 0.26 0.25 0.25
CSR1 (%) 0.00 0.00 0.00 0.00 0.00
CWT1 (kg) 12.19 9.34 8.18 7.95 7.70
1sale weight (SW), dressing percentage (DP), percent saleable meat (SMP), fat depth (FD), cow weaning rate
(CWR), cow survival rate (CSR) and cow weight (CWT)
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The increased total dollar response that resulted from the additional commercial carcass
information was a consequence of an increase in SMP (Table 2). This was due to the
additional information from cSMP, which was assumed to be the same trait as SMP, also
gaining support from a strong negative correlation of SMP with cFD. A genetic correlation of
unity between pooled commercial traits with selection candidate traits, such as SMP and
cSMP, is a strong assumptions and further studies are needed studies to explore the effects of
genotype x environment interactions. Percent saleable meat has a higher economic value per
unit phenotypic standard deviation compared to SW and consequently, the small improvement
in SMP is valued much higher than the loss in SW. The weight related correlated responses to
SMP were also reflected in reduced responses in CWT.

We previously outlined the background on why commercial progeny information
obtained through pooling has potentially the same value as progeny testing. It is worth at this
point to discuss some aspects related to the accuracy of the sire assignment to pools and also
the accuracy of individual phenotypes inferred from pools. Kinghorn et al. (2010) established
high correlations of up to 99% between true and estimated genetic contribution of sires to
pools with only 20 or 50 SNP markers. However, the quality of pool assembly and knowledge
of fixed effects and genotyping is important in controlling potential error (Henshall et al.,
2012).

The accuracy of the phenotype that is assigned to each of the individuals from a pool is
also high, but can be associated with some error. For categorical traits, only animals from the
same category contribute to a pool and all animals from the same pool belong to the same
category of phenotype. However, one might argue that categorical traits are inherently
associated with some error anyway, since it relies on our ability to assess a phenotypic
threshold. For continuous traits, individual progeny performance is associated with some
error since only the average performance of the pool is known. However, averages have less
variation than individual observations. The level of error would depend on the phenotypic
range of a continuous trait that is considered to form a pool.

The accuracy of the information from pooled DNA is also influenced by the degree of
relatedness of the pooled individuals with the individually genotyped ancestors. The more
distant the relationship, the less accurate the information will be. To be equivalent to a
progeny test, the individuals in the pools are ideally progeny of a sire which is individually
genotyped as we assumed here. However, the DNA pooling approach allows to reduce the
time lag in the dissemination of genetic improvement that is associated with progeny testing
by entering individual genotypes of sons of the progeny tested sires into the analysis. This
enables linking the pools to the current generation of sires and allows for early selection of
young bulls and a reduction in the generation interval.

Conclusions

The use of routinely collected commercial phenotypes in genetic improvement programs
through DNA pooling is an opportunity to provide more information on breeding objective
traits. Such phenotypes reflect the commercial performance of sires, information which can
currently not be used for genetic improvement except in well-designed open nucleus breeding
schemes. Genotyping commercial progeny in pools of 10 or more individuals provides a cost-
effective strategy for connecting commercial performance to the breeding sector. Pooled
progeny information can be valued in a selection index approach in the same way as classical
progeny testing and increases total dollar response. Using commercial information through



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.insert paper number
here

DNA pooling can be valued like a classical progeny test. In addition, the approach of pooling
of commercial phenotypes allows selection of young bulls early and can reduce the
generation interval by including individual genotypes of the current generation of bulls in the
analysis.
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