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SUMMARY 

A number of scenarios for meat sheep genetic improvement in Australia are evaluated, 
incorporating various combinations of additional performance recording via an Information 
Nucleus (IN), and implementation of Whole Genome Selection (WGS). The unsurprising results 
are obtained that the increment of economic return depends on the increments of accuracy, speed 
and cost. Perhaps more interestingly, it is clear that implementation of either IN and or WGS will 
almost certainly both require but also stimulate evolution of industry structure towards a more 
clearly defined nucleus:multiplier:commercial base model, and will require further evolution of 
co-investment, from the current mix of stud breeders, collective industry and taxpayer funds, to 
models likely to involve investment from processors, retailers and potential from genotyping 
companies. 
 
INTRODUCTION 

Whole genome selection (WGS, van der Werf 2009) is an anticipated outcome from current 
research into sheep (and other species) genomics, and has begun to be applied to dairy cattle 
breeding. Initial studies suggest that it offers potential improvement in accuracy of selection and in 
reducing generation intervals, at least for males (van der Werf 2009). In addition, the sheep 
industry has established an information nucleus (IN, (Banks et al. 2006), which provides capacity 
to record hard-to-measure traits and thus increase accuracy of selection for the breeding objective. 
The economic returns from application of WGS in conjunction with the IN will depend on the 
combination of the increase in rate of genetic progress achieved and the cost of the technology. 
This paper estimates those returns and the impact of varying the structure of the stud sector, and 
cost of WGS. The population modelled is the Australian slaughter lamb industry and the terminal 
sire stud sector which supplies it with rams. 
 
MATERIALS AND METHODS 
 
Model.  A simple spreadsheet model was used, with the following parameters and assumptions: 

- a commercial population of 10m ewes, mated to rams derived from the stud sector which 
are used for 4 years, with first progeny at 2 years 

- a stud sector of 200,000 ewes with current recording costs in the studs of $10 per ewe, or 
$2.50 per ewe when WGS is applied (the latter reflecting many breeders choosing not to 
record if genotyping tools are available) 

- current rate of progress in the stud sector of $2 per ewe joined per year (Swan et al. 2009) 
- IN cost of $1.5m per year, and increase in rate of gain in the stud sector due to the IN of 

7.5% (van der Werf 2009) 
- increase in rate of progress due to WGS of 40% (van der Werf 2009) 
- genotyping costs modelled at $20 per ewe or $50 per ewe 
- where additional AI is used in conjunction with WGS, cost per ewe is $25 
- costs and returns modelled over 25 years, with a discount rate of 7% 
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- only additional revenue due to genetic gain in carcase weight and carcase value was 
included in the returns. 

 
 
Scenarios modelled: 
A: this simply models the current situation, with no IN impact on either costs or returns. This 

represents what industry is currently achieving, and assumes no IN is established. 
B: A plus an IN, and assumes that this is permanently in place. 
C1 and C2: B with WGS added within the stud sector, with two genotyping costs modelled ($20 

per ewe and $50 per ewe respectively) 
C3: C2 but with recording costs per stud ewe reduced to $2.50, reflecting a partial replacement of 

current performance recording by WGS 
D1: C2 with an elite nucleus, such that WGS is applied to only 10% of the stud sector, with the 

remaining stud ewes becoming a multiplier, lagging 2 years behind the elite 10%. This would 
be achieved by making all matings in the multiplier to young rams from the elite nucleus, used 
as ram lambs and used only once. 

D2: this is the same as D1 but with all multiplier matings by AI at $25 per ewe 
 
RESULTS AND DISCUSSION 

Modelled parameters, costs and returns from each scenario are shown in Table 1. 
 
Table 1. Summary of Economic Evaluation 
 

Scenario Parameters 

Total Stud 
Recording 

Cost  
($m pa) 

Information 
Nucleus 

Cost  
($m pa) 

WGS 
Genotyping 

and AI 
Cost  

($m pa) 

Total 
Investment 

($m pa) 
/Total cost 

per stud 
ewe ($) 

Net Present 
Value over 

25 years 
($m) 

A Current 2 0 0 2/10 
1,780 
(100)* 

B + IN 2 1.5 0 3.5/17.5 1,896 (107) 

C1 + IN + WGS at $20 2 1.5 4 7.5/37.5 2,432 (137) 

C2 + IN + WGS at $50 2 1.5 10 13.5/67.5 2,356 (132) 

C3 
+ IN + WGS at $50, 

reduced stud recording 
0.5 1.5 10 12/60 2,375 (133) 

D1 
+ IN + WGS at $50, 
elite nucleus, no AI 

cost 
0.5 1.5 1 3/15 1,959 (110) 

D2 
+ IN + WGS, elite 
nucleus, AI at $25 

0.5 1.5 5.5 7.5/37.5 1,903 (107) 

*: value in parentheses is the NPV relative to scenario A 
 

There several aspects of these results, which can be taken in turn. Firstly, the current 
investment in and utilisation of BLUP technology by the terminal sire stud breeding sector 
(scenario A) is highly profitable in terms of industry NPV. To put this in context the Net Present 
Value (NPV) of the gross value of production (GVP) of lamb production over 25 years is 
approximately $32bn. Thus current genetic improvement in terminal sires adds approximately 
5.5% of that GVP. There is very low risk around this NPV – the technology required is already in 
use, well adopted by both the stud breeder and via ram sales, by commercial producers. 
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Investment in the IN (scenario B) is predicted to generate an additional 7% NPV (compared to 
the current situation). This is dependent on the increase in accuracy of selection in the stud sector 
due to their relationship to animals tested in the IN. An important research question is how to 
maximise this relationship through optimisation of sire sampling, specifically how many sires 
should be evaluated, with what relationships amongst them, and how many progeny per sire. 

There is low risk around the NPV estimated for scenario B. Essentially it is simply adding data 
on animals highly likely to make a significant genetic contribution, and via the relationships, on 
the whole population. The data that makes the difference is that on objective traits, rather than on 
the selection criteria currently used and which have a lower correlation with objective. 

There is an additional benefit of the IN which is not modelled here. The IN includes recording 
for some traits which do not currently contribute to industry profitability and hence are not 
included in the objective, such as iron, zinc and omega-3 content. By recording these traits, 
industry immediately has the ability to at least monitor any correlated responses in them, and very 
quickly place selection pressure on them in the event that market signals for any become apparent. 
This provides both insurance and responsiveness benefits, both uncosted in this evaluation. The 
research questions around the IN which will assist industry to optimise the investment include the 
relationship with the rest of the stud sector, and how to optimise the traits actually recorded. 

Scenarios C1, C2 and C3 add utilisation of WGS to the investment in the IN. Given the 
predicted increase in rate of progress, these scenarios all generate substantial increases in industry 
NPV. The differences reflect different assumptions about the price of WGS. The key uncertainty 
for these scenarios is whether the predicted increase in rate of progress can be achieved, and this in 
turn depends on whether the numbers of animals recorded for objective traits are sufficient to 
support the predictions of genetic merit.  

A further researchable question regarding WGS is how many animals need to be phenotyped to 
calibrate a particular WGS prediction to the desired level of accuracy, and how quickly this 
calibration decays as genetic change proceeds. It will also be important for the sheep industry to 
build understanding of the linkage disequilibrium (LD) structure within and across the breeds used 
in slaughter lamb production: the terminal sires used are a mix of relatively recent breeds (eg. Poll 
Dorset, White Suffolk) and composites being formed from them, whilst the dams are a mix of 
Merino, Border Leicester-Merino and other breeds and crosses. 

The most significant factor impacting industry implementation around the WGS scenarios is 
simply the increased level of investment required. This leads to discussion of the risk 
considerations of each scenario. 
 
Risk Considerations. The current approach to genetic improvement in this sector (scenario A) is 
characterised by decision-making spread over some 400 stud breeders, all competing for ram sales, 
and with limited capacity to invest in technical or business development. Against this, the number, 
geographical spread and closeness of connection to ram buyers, provide a measure of robustness 
and adaptability to the system, coupled with a relatively low risk of total failure to achieve genetic 
progress. The other risk, or weakness, of this scenario, is that selection is for criteria only 
moderately correlated with a breeding objective defined from total value chain profitability. 

Scenario B, which adds an IN, addresses this latter risk by incorporating measurement of 
objective traits, as well as of some traits anticipated to become important in the near future (such 
as the compositional traits). The technical risks here are that the wrong traits will be invested in, or 
traits will be invested in at the wrong level, and that it is not possible to increase the accuracy of 
genetic evaluation of stud candidates through their relationship with animals sampled for the IN. 
Two implementation risks are that animals sampled for the IN become less related to the animals 
that do end up being widely used, or conversely that too few are sampled and they have too much 
genetic impact on the total population, leading to inbreeding. These implementation risks are 
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manageable. The technical risk around trait investment is simply a matter for careful forecasting 
and risk assessment, while that around impact on accuracy is a matter of calculation and 
optimisation. 

When we consider the WGS scenarios, there are two obvious challenges. Firstly, we don’t yet 
know the accuracy of WGS, how much data is required for calibration, or how quickly predictions 
decay. All three factors impact on the advantage offered by WGS and how much it costs to 
achieve that advantage. The second challenge is an implementation challenge, focussed on the 
level of investment required and the industry structure. The current stud breeder’s margin on 
investment in LAMBPLAN is currently around $25-50 per ewe mated. This margin would be 
nullified by either of the modelled genotyping costs ($20 or $50 per animal), and accordingly if 
these costs are realistic, WGS will simply not be taken up by breeders alone. This would likely 
remain the case even if substantial increases in profitability for processors and/or retailers were 
generated, since under the present industry structure, price signals from consumer to breeder are 
essentially averaged at each link in the value chain, and diminish as the number of links increases. 

Recognising this potential limitation to adoption of WGS,  scenarios D1 and D2 model the 
establishment of an elite (likely dispersed) nucleus, probably tightly coupled with, or involving, an 
IN. Given that the current IN is supported by industry and commonwealth funds, it is likely that at 
least some similar co-investment would be required to initiate scenarios resembling D1 or D2, and 
such co-investment, but including other partners such as processors, would be required for 
continuity. 

An important point to stress regarding scenarios D1 and D2 is that they limit genotyping to 
perhaps 20,000 animals, or even less if possible. Indeed, D1 and D2 are quite robust to WGS not 
offering value at all, since essentially they are the logical next step in evolution of the industry 
improvement system once an IN is in place. These strategies thus reduce total investment 
significantly, but at the same time are predicted to deliver considerably lower additional NPV. 
These considerations around the D strategies highlight the challenge for industry relating to how to 
achieve the increased investments that seem likely to be needed, along with the uncertainties 
regarding the realised benefits of WGS. 

These risk considerations suggest that the scenarios beyond B are much more uncertain, and to 
some extent less robust. This reflects the fact that whilst WGS offers scope for faster genetic 
progress, that scope is totally dependent on price and accuracy. In this sense WGS is simply 
another form of genetic evaluation, and its value is built on performance recording. Extracting 
maximum value from the minimum amount of recording is always the challenge. 
 
REFERENCES 
Banks R.G., van der Werf J.H.J., and Gibson J.P. (2006) 8th World Cong. Genet. App. Livest. Prod. 

30:12 
Swan A.A., Brown, D.J., and Banks, R.G. (2009) Proc. Assoc. Advmt. Anim. Breed. Genet. 

18:326.  
Van der Werf  J.H. J. (2009) Proc. Assoc. Advmt. Anim. Breed. Genet. 18:38 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


