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Abstract

Genomic selection requires a large reference ptpaolaf animals with both phenotypes and
genotypes and until recently, most countries tlaathmplemented genomic selection have used
reference populations of sires. Female referenqalptons are now gaining in popularity,
especially for novel traits, such as feed efficignoethane emissions, and detailed reproductive
measures which are expensive to measure and asdaiteeavailable for only some animals in
the population.An example is individual feed intake data, whichnminly available from
research herds. This is because the equipmentreegioi measure these traits are too expensive
for commercial farmers to invest in. So far two hwets have been proposed to predict feed
efficiency: 1) genomic selection and 2) mid infetrtechnology applied to milk samples.
Although using mid-infrared technology to predicriation in feed efficiency appears to be
promising and has the advantage that it can beuleéddl for ungenotyped animals, these
predictions (like genomic selection) still requieed intake data to form the predictions and they
also need to be validated in independent populsti®o, regardless of the method, a large
reference population of animals with feed intakeergitypes are required to estimate the
prediction equations and these data are genetf@ijeniging to obtain in substantial quantiti@s
large multi-national collaboration (called gDMI) shastablished a reference population with
phenotypes and genotypes for genomic predictionall@ges remain to 1) maintain the

reference population into the future, and 2) im@atrbreeding values within member countries.
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Introduction

Genomic breeding values are available in many cmmfor traits that already have traditional
pedigree based breeding values (Pryce and Daetvigd@P) and now there is a growing appetite
for a broader range of genomic breeding valuesyigea they can be estimated with acceptable
accuracy. Farmers value traits with a direct impactprofitability, such as feed efficiency and
disease resistance, and these are likely to be @rtien first traits that will be available as

“genomic-only” breeding values.

One of the main differences between “genomic-ofigeding values and traditional breeding
values is likely to be that they are likely to berided from phenotypes obtained from dedicated

reference populations of females that are genotgpedalso have phenotypes.

Female genomic reference populations — consideratis

The three main considerations in establishing aogén reference population of females is: 1)
the size of the population required; 2) the phepesgythat are currently available or that need to
be measured and 3) selection of herds/individuagmtticipate in the reference population.

The reliability of genomic prediction is a functiaf the size of the reference population, the
length of the genome, the number of independentrgensegments, the effective population
size, and the heritability of the trait (Daetwyler al., 2008, Goddard, 2009). When only the
heritability and number of females in the referepopulation are varied the reliability can be
calculated deterministically (Figure 1). In orderdchieve a reliability of 50%, the number of
females that would need to be included in the genamference population varies between
12,000 (heritability of 0.5) and 120,000 (heritéliD.05) (Gonzalez-Recio, 2014). They showed
that for traits that are expensive to measure tnénearly stages of phenotype collection, female
reference populations are preferable to male meéergpopulations. As soon as many farmers
collect phenotypes for a given trait, then switghia male reference populations (i.e. genotyped



males with ungenotyped progeny groups) may be g@aielie, especially when large numbers of

individuals are required.
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Figure 1. Expected reliability for reference popiglas of 0 to 100,000 (from (Gonzalez-Recio,
2014)

Building genomic reference populations of 120,08thdles will be challenging especially for
difficult or expensive to measure traits. For tineason, we believe, there will be a lot of
emphasis in trying to achieve higher heritabilittes many traits that have traditionally been

viewed to have low heritabilities, for instance Itieaand fertility traits. More detailed



reproductive phenotypes may help to increase thieabdity of fertility traits in a similar way to
using progesterone profiles to obtain more herdditility phenotypes (Veerkamp et al., 2001).

In many countries, there are minimum acceptablieb#ity thresholds for publishing breeding
values. However, until there is substantial advanceestimation methods used for genomic
prediction, lowering of the reliability thresholdrfsome traits that are only available via genomic
selection may be necessary. Education and risk geamant are likely to become more important
in ensuring that the use of this information israppiate. For example, knowing a bull has a poor
breeding value for feed efficiency (with low to nawdte reliability), is likely to be better than the
absence of any information. Already, in New Zealdndestock Improvement (LIC) publish bull
genomic breeding values for residual feed intakElYRvith reliabilities of around 10%; this
prediction is based on a genomic reference pojumati around 2000 growing heifers genotyped
at high density (Pryce et al., 2012).

The type of reference population may also dependhenphenotypes collected. For example,
traits that require specialist and expensive eqaigmsuch as feed intake are likely to be
measured in research herds. Provided enough cows plaenotypes and genotypes, these

individuals can be used to form a reference pojmrat

For other traits, such as metabolic disorders, iilgdameness, methane emissions etc, there are
already high-tech farm systems that assimilatepodide management reports using data from:
pedometers, daily body weight, automatic oestrusatien, milk conductivity, breath analysers
etc. There are already systems commercially aJailddat record data on at least some of these
phenotypes. While there is some concern about tiaracy of prediction of some of these
systems (Rutten et al., 2013), as the technologyrawes, the accuracy of prediction and
therefore the value of these data will also ina@eddoreover, there is an opportunity to link into
these systems by genotyping cows that have valydig@aotypes. For instance, daily changes in
liveweight and distance walked could be used tcaroé predictions of feed efficiency. While,
electrical conductivity of milk (Norberg et al.0@4), lactate dehydrogenase (Chagunda et al.,
2006), udder temperature (Berry et al., 2003), uddaformation (Rupp and Boichard, 1999)are
promising measures to add to SCC, which has beetrdditional breeding value used to select
for mastitis resistance. To predict the risk ofds&t in dairy cows, beta hydroxybutyrate in



addition to acceleration in milk yield and bodyrfass at calving could be useful (Nielsen et al.,

2005)as well as mid-infrared spectroscopy anlaysmilk.

Genomic reference populations in Australia and Irehnd (cattle)

Australia

The Australian Dairy Futures Cooperative Researehti@’s 10,000 Holstein Cow Genomes
project and Jer-nomics project embarked on collgc®NA samples and genotyping 10,000
Holstein and 4000 Jersey cows (from commercial $)efthe cows were selected using a scoring
system that quantified their contribution to breegdvalues. So, cows with multiple lactations of
complete data (production, fertility, conformati@tpred highly. In April 2012, the females were
added to the male reference population (at the tirageference populations were around 4,000
Holstein males and 1,000 Jersey males) yielding-8%4improvement in the reliability of
breeding values depending on trait. In fact, addemgales to the Australian Jersey reference
population led to the publication of genomic bregedivalues for Jerseys for the first time.
Building on the success of these projects, a nawmé& information nucleus (known as Ginfo)
has been established. This time 100 herds thatilbotg the most data to breeding values have
been invited to join the project. The herds weentdied using almost exactly the same scoring
system that we derived for the 10,000 Holstein g@momes project and Jernomics; except that
the herds with the highest mean score were sel@tdgzhd of high scoring individuals.

Ireland

The genomic reference population in Ireland coasstclusively of 4,962 Holstein-Friesian Al
sires. This has results in almost a doubling inrti&bility of genetic evaluations compared to
the traditional genetic evaluations. Retrospecéimalysis of 135 sires now with daughter proofs
that were genomically tested in 2009 to 2011 shihasthe genomic evaluations are up to 29%
more accurate than the parental average. Reseanshderway into a one-step method which
incorporates cow phenotypic (and genotypic) infdramainto the genomic predictions. Research
is also underway to implement an across-breed genevaluation.

Research into genomic evaluations in beef cattlenderway in Ireland. Approximately 120,000
beef cows will be genotyped in 2014. This is p& aational scheme where 15% of the cows in

a herd that signs up to the initiative will be gmed. Like in Australia, cows will be selected



for genotyping on the basis of information contdne., number of lactations within
contemporary groups but also divergence in phemstypfter adjustment for systematic
environmental effects), breed composition and gemitersity (i.e., restriction on the number of
progeny per sire). Genotyping will be undertakemgshe custom built international dairy and
beef genotyping platform.

International reference populations

Gold standard measurement of phenotypes such dsriiede are likely to only be measured in
research populations. Using within country refeeemopulations, the accuracy of genomic
prediction of feed intake and residual feed int@R€&I) in Australia, UK and the Netherlands
range between 0.35 and 0.4 (de Haas et al., 20§@¢ Bt al., 2012). However, by using a multi-
trait model that assumes dry matter intake is &mht trait in each country (Australia, the
Netherlands and UK), the accuracy increased by S&%pared to the univariate analysis (single
country analyses) (de Haas et al.,, 2012). The sscoé this collaboration has led to the
establishment of the global dry matter initiatigMI), where dry matter intake data of almost
9000 cows and heifers from 9 countries has beerbomd and genotypes from around 6000
animals with phenotypes have been imputed to higtsity (around 620k SNP) (Pryce et al.,
2014). The next stage of this project is to estarthe accuracy of genomic prediction for each
member country using the combined reference pdpulat

Khansefid et al.(2014)examined the prospect of ggncombined beef and dairy genomic
reference populations (from research farms) toeia®e the accuracy of genomic prediction of
RFI. They found that small increases in the acguadogenomic prediction of RFI in dairy can
be achieved by including beef cattle in the refeeepopulation. They also found that the age of
measurement of phenotypes and diet fed could impaaccuracy of genomic prediction. The
largest improvement of accuracy was observed whegué cattle and Holstein heifers were
combined; the Angus and Holstein animals used énetkperiment were measured at about the
same age and were fed a similar diet.



Conclusions

It is likely, that for traits that require expensivor specialist equipment, genomic reference
populations that comprise animals from multipleesgsh farms will become more common.
Evidence so far suggests that there is value inbaung genomic reference populations from
research populations of different countries tonifjimize the costs for individual participants
and 2) increase the accuracy of genomic predictidmtil the cost of phenotyping becomes
cheaper and less complex, for traits such as féfiemeacy and methane emissions, these are
likely to remain in the domain of research orgatires. For other easier and cheaper to measure
phenotypes, there is likely to be an emergenceaipgs of commercial herds that are invited to
become part of dedicated female genomic referemgrilptions organized nationally (or by
breeding companies). These farmers could be prdwdéh software to aid measurement of
complex phenotypes, the incentive for the farmerikely to be the gain they could make in

using the data they collect for more precise mamage of their herds.
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