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Summary

The importance of extending trait measurement to commercial operations to improve rates of
genetic improvement in breeding schemes is of increasing research interest. Improved
selection efficiency might be achieved if the impact of commercial performance records and
genomic information directly benefits the accuracy of selection of candidates in the nucleus
tier. The objective of this paper was to model the potential impact of commercial information
on the accuracy of selection and its consequent economic feasibility. The results indicate that
for a sheep breeding program running a commercial flock of 150,000 ewes, relative to the
base scenario without information nor accounting for genotype by environment interaction,
the net cumulative benefit per commercial ewe over a period of 40 years ranged from $117 to
$249 of additional genetic progress depending on the level of GxE and breeding objective of
the production system. The breakeven was achieved after 8 to 10 years. Performance records
and genotypes from individuals maintained in the commercial environment could be used to
strengthen the links between breeders and commercial farmers and enable more integration
and flow of information within the industry.

Keywords: breeding objective, economics, genomics, selection, sheep.

Introduction

The importance of performance information from commercial livestock for selection of
breeding animals is of increasing research interest (Ibanez-Escriche et al. 2009; Van
Eenennaam et al., 2014; Shumbusho et al., 2015; Santos et al. 2017). Commercial
performance data and genotype information could be particularly valuable if obtained from
multi-tier breeding schemes which capture the full benefits of genetic improvement (Horton
et al., 2014). With genomic selection (Meuwissen et al., 2001), there might be opportunity to
use commercial information to increase accuracy of prediction in breeding individuals and
consequently impact the rate of genetic progress of an entire population.

The study described in Santos et al. (2017) showed that the genetic lag in multi-tier
breeding programs can be reduced by two to three years with implementation of selection in
the multiplier tier. The study demonstrated that there were genetic and economic benefits
arising from performance records and genotyping in a multi-tier sheep operation for lamb
production in New Zealand. These benefits were equivalent to $0.62 of additional genetic
progress per ewe per year, from a base value of $2.00 per year. Nevertheless, these benefits
were long-term, i.e. breakeven was often achieved after 10 years, and largely reliant on the
genotyping strategy adopted. Moreover, the economic feasibility depends strongly on the cost
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of DNA testing for either parentage assignment or genomic selection.
A further expansion of the model accounted for genotype by environment interaction

(GxE) between the nucleus and the commercial flock, and a two-stage selection strategy was
applied to reduce costs whilst maintaining selection efficiency. The model was applied to a
multi-tier Australian Merino commercial operation specialized in fine-wool production
(Santos et al. In submission, a.). The results demonstrated a benefit equivalent to $0.34 of
additional genetic progress per ewe per year, from a base value of approximately $2.00.
Genotyping cost for genomic selection was again an important factor impacting the
profitability arising from commercial recording and genotyping. The intensity of selection of
multiplier rams was another factor that impacted the benefits. This is because with higher
selection intensity, there are larger benefits of improving selection accuracy. In neither of
those studies, the contribution of commercial information to the accuracy of selection in the
nucleus flock was accounted for.

Genomic selection allows information collected from commercial operations to be
used when it is added to the reference population. Therefore, to assess the value of collecting
such information it is important to consider the impact of this on the accuracy of selection in
the nucleus tier.

The objective of this paper was to model the potential impact of commercial
information on the accuracy of selection and consequent economic feasibility of recording
and genotyping to a breeding scheme with different levels of GxE between its tiers.

Material and methods

A deterministic model was developed based on Wientjes et al. (2015), to estimate the impact
of information from lower tiers of multi-tiered schemes to the accuracy of prediction in
closely related nucleus populations. The model also allowed for assessing the effect of
selection of sires in the multiplier flock to be used for the commercial tier. We developed a
deterministic model that calculates selection differentials estimated through selection index
theory and that uses recursive equations to simulate the flow of genes through the different
tiers of the breeding scheme. Two-stage selection was used to maximise the opportunity of
selection in the multiplier tier and reduce testing costs, i.e. not all individuals born in the
lower tiers are genotyped. The resulting genetic progress enabled from the commercial
information was calculated to determine the economic impact of genetic improvement across
tiers, and balance that with the cost of performance recording and genotyping.

An important parameter in the simulation scenarios was the genetic correlation
between traits expressed in the nucleus tier and the goal traits expressed in the commercial
environment of the lower tiers. This genetic correlation reflects the different levels of GxE
present in the breeding system and were tested at 1 (or absence of GxE), 0.90, 0.80, 0.70,
0.60 and 0.50 (the highest level of GxE considered).

Two breeding objectives were assumed, a maternal lamb production system based on
New Zealand Romney parameters and an Australian Merino commercial operation that
specializes in fine-wool production. In both cases, the breeding scheme was formed by a
nucleus flock with 1,000 breeding ewes supplying rams to a multiplier flock with 3,000 ewes
(meat production), or 5,000 multiplier ewes for the wool scheme, which provides enough
commercial rams to mate a population of 150,000 commercial ewes in each breeding scheme.

The hypothesis was that information from recording and genotyping flocks maintained
in the commercial environment can be used to achieve higher accuracy when selecting sires
for matings in the breeding nucleus. Note that both multiplier and commercial ewes are
assumed to be managed in an environment that is different to the nucleus environment.
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In this simulation, we assumed industry accuracies of genomic prediction for nucleus
traits in the base scenario of 0.27 and 0.34, respectively for low and moderate heritability
traits. In the presence of commercial information, these accuracies were increased to 0.56 and
0.74, respectively. This increase in accuracy assumed a high level of relationship between and
among individuals of the different tiers leading to relative high accuracy of genomic
prediction. We calculated the accuracy of selection of both breeding objectives, for meat and
wool, resulting from the selection index model after accounting for the different levels of
GxE.

We also calculated the average net additional benefit due to extra genetic gain per
commercial ewe, expressed in monetary terms, after accounting for the cost of recording and
genotyping. In this simulation, all lambs born were phenotypically recorded (first stage) in
the lower tiers, but only 60% of all lambs born were genotyped in the multiplier and only
about 3% of ewe lambs were genotyped (second stage of selection) in the commercial flock,
thus reducing the overall testing costs. The benefit per ewe () for the different levels of GxE
was calculated as: , where is the cumulative net present value and is the number of ewes
expressing the breeding objective traits in the target environment, both in year .

The percentage contribution () of the selection pathways by tier (T) and sex (S) to the
overall benefit, was calculated as the average contribution of each pathway across the entire
40-year period. This was done by expressing the selection differential of the respective
pathway relative to that of the equivalent base scenario, i.e. with no commercial recording.
The contribution of a given pathway within a year (y) was calculated as:
. The average contribution of the each pathway to the overall extra genetic gain over the 40-
year period was calculated as, , where the annual cumulative profit (), resulting from extra
gains generated from commercial information, was contrasted to the resulting profit when
there’s no selection in the respective pathway (), relative to the profit difference between the
recorded scenario and the base scenario ().

Results and discussion

The results presented in Table 1 show that relative to the base scenario where commercial
information was not available, the use of commercial phenotypes and genotypes resulted in a
net cumulative benefit between $117 and $249 of additional genetic progress per commercial
ewe over the 40 years period, depending on the level of GxE and breeding objective of the
production system. The larger benefits of recording commercial information were obtained in
higher levels of GxE, i.e. a lower genetic correlation between performance in nucleus and
commercial environments. In the wool production scenario, there was an 11% shorter time to
breakeven and 39% higher benefit per commercial ewe when the GxE level increased from
zero to 0.5. For meat, the equivalent reduction in time to breakeven was 10% and the
additional benefit per ewe increased by 62% (Table 1). These results further support the
contention that environment specific reference populations boosted in size and commercial
relevance by training data from multiple tiers could allow more accurate selection in the
nucleus and add significant value when sourcing high merit rams if there are high levels of
GxE. In this case, genomic selection could be used to reduce the detrimental impacts of GxE
on realised genetic progress.

The benefits of recording and genotyping resulted from selection of multipliers sires
but also from the gains in accuracy of selection candidates to be transferred among the
different tiers. Under both meat and wool breeding objectives, higher accuracies were
obtained when information from individuals in the commercial environment (Figure 1) was
used to inform genomic selection of nucleus sires. The use of commercial information also
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resulted in significant increase in accuracy of selection of multiplier rams selected to mate
ewes in the commercial flock (Figure1).

The flow of higher accuracy rams towards lower tiers was critical to disseminate the
higher genetic progress through the breeding scheme. Nevertheless, both accuracy of
prediction and the contribution of the different selection pathways were affected by the level
of GxE between tiers. This is especially important because without commercial information,
as in the base scenario, the accuracy of selection in the nucleus decreases under higher levels
of GxE, and genetic progress is fully dependent on selection accuracy in the nucleus tier
(Figure 1). Thus, because the breeding objective is based on traits expressed in the
commercial environment, it is harder to accurately select nucleus candidates based only in
correlated traits expressed in the nucleus environment.

If data from the lower tiers is available, the contribution of ram selection to the
additional genetic gains is fairly distributed between nucleus and multiplier (Table 2),
especially when selecting sires for wool production. The contribution of nucleus rams
increased slightly in higher levels of GxE. This is probably because of the larger selection
differentials of the nucleus in recorded scenarios under lower levels of GxE relative to the
base scenario.

Implications

Trait measurement and genotype data from commercial operations can be used to more
accurately select nucleus sires, rather than just to shorten the genetic lag between the
commercial flock and the nucleus flock. Genomic relationships among individuals of multi-
tiered breeding schemes can be strengthened through a permanent flow of sires towards lower
tiers. If commercial information is available, the contribution of multiplier rams to genetic
progress of commercial flocks is established and could be maintained irrespectively of the
level of GxE between tiers of the breeding scheme. Performance records and genotypes from
individuals maintained in the commercial environment could be used to enable more
integration within the industry through exchange of commercial information upstream. In
practice, strong relationships between breeders and commercial farmers create opportunity to
establish permanent testing in the environment where genotypes are selected to perform on.
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Tables and figures

Table 1. Time to breakeven, overall profit () and benefit due to extra genetic gain per ewe
from use of commercial information under different levels of GxE for meat and wool.

Outcome

Breedin
g

objectiv
e

Genetic correlation
(GxE Level)

1 0.9 0.8 0.7 0.6 0.5

Breakeven Year 9 9 9 9 8 8

CNPV1 Year 10 ($) $1,057k $986k $1,091k $1,344k $1,694k $2,112k

CNPV Year 20 ($) Wool $10,754k $10,732k $11,246k $12,224k $13,499k $14,986k

CNPV Year 30 ($) $20,070k $20,208k $21,203k $22,955k $25,186k $27,760k

Benefit per Ewe2 $180 $182 $191 $207 $227 $249

Breakeven Year 10 10 10 10 9 9

CNPV Year 10 ($) $170k $132k $281k $549k $699k $1,199k

CNPV Year 20 ($) Meat $6,917k $7,067k $7,785k $8,846k $9,549k $11,302k

CNPV Year 30 ($) $13,144k $13,590k $14,955k $16,857k $18,181k $21,186k

Benefit per Ewe $117 $122 $135 $152 $164 $191
1Cumulative profit expressed by all individuals of the breeding scheme. 2Benefits after 40 years, relative to the
current average rate of genetic progress which ranges between $2.00 and $3.00 per ewe per year, i.e. no
commercial information.

Table 2. Percent contribution of selection pathways to the extra benefit of recording and
genotyping under different levels of GxE in breeding objectives for meat and wool.

Selection pathway
Breeding
objective

Genetic correlation
(GxE Level)

1 0.9 0.8 0.7 0.6 0.5
Nucleus Ewes 15.3% 15.8% 16.3% 16.8% 17.3% 17.7%
Nucleus Rams 35.1% 36.4% 37.6% 38.8% 39.9% 40.9%
Multiplier Ewes Wool 7.6% 7.0% 6.4% 5.8% 5.2% 4.8%
Multiplier Rams 34.1% 33.6% 33.0% 32.4% 31.9% 31.4%
Commercial Ewes 7.9% 7.3% 6.7% 6.1% 5.6% 5.2%

Nucleus Ewes 11.0% 11.7% 12.5% 13.2% 13.8% 14.4%
Nucleus Rams 29.0% 30.9% 33.0% 34.9% 36.5% 38.0%
Multiplier Ewes Meat 6.6% 6.0% 5.4% 4.8% 4.4% 4.0%
Multiplier Rams 43.9% 42.6% 41.1% 39.7% 38.6% 37.5%
Commercial Ewes 9.6% 8.9% 8.0% 7.3% 6.7% 6.1%
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a) b)

i.
ii. Figure 1. Index accuracy

of selection across tiers
when commercial
information is used for
nucleus prediction in
breeding objectives for
wool (a) and meat (b).


