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Disclaimer

In submitting this report, the Kellogg Scholar has agreed o the publication of this
material in its submitted form.

This report is a product of the learning journey taken by participants during the Kellogg Rural
Leadership Programme, with the purpose of incorporating and developing tools and skills
around research, critical analysis, network generation, synthesis and applying
recommendations to a topic of their choice. The report also provides the background

for a presentation made to colleagues and industry on the topic in the final phase of

the Programme.

Scholars are encouraged to present their report findings in a style and structure that ensures
accessibility and uptake by their target audience.

This publication has been produced by the scholar in good faith on the basis of information
available at the date of publication. On occasions, data, information, and sources may be
hidden or protected to ensure confidentially and that individuals and organisations cannot
be identified.

Readers are responsible for assessing the relevance and accuracy of the content of
this publication & the Programme or the scholar cannot be liable for any costs incurred or
arising by reason of any person using or relying solely on the information in this publication.

This report is copyright, but dissemination of this research is encouraged, providing the
Programme and author are clearly acknowledged.

Scholar contact details may be obtained through the New Zealand Rural Leadership Trust for
media, speaking and research purposes.
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Executive Summary

Genomics remains underutilised in the New Zealand sheep sector, with adoption historically
confined to stud breeders. This project explores the potential for genotyping commercial
ewe flocks, not as a silver bullet for a single problem, but as a multi-benefit tool to achieve
stacked benefits to improve productivity, resilience, welfare, and market positioning.

Using a mixed-methods approach (literature review, semi-structured interviews, and a
national survey of commercial sheep farmers), findings indicate that while there is appetite
and early signs of justification for genotyping a proportion of the commercial ewe flock,
market failure and preventative costs exist, resulting in underinvestment at the farmer level.

Genotyping is more than a technical upgrade; it is a strategic lever for industry
transformation. It enables cumulative genetic gain, earlier and more accurate selection and
supports tfraceability and biosecurity. However, adoption is constrained by cost,
infrastructure, and stakeholder alignment. International models such as Ireland’s ICBF and
Australia’s MERINOSELECT demonstrate the value of coordinated investment, robust
reference populations, and farmer-led governance.

Analysis of survey and interview responses using the ESC (Environment-Strategy-Capability)
gap framework highlights gaps in value-chain communication, data governance and
practical logistics. Bridging these gaps will require not only technological innovation, but also
ethical governance, workforce capability development, and inclusive extension strategies.
Based on survey responses, farmers are confident in genotyping delivering on productivity
and animal health gains but remain cautious about market premiums and the lack of direct,
short-term return on investment

Recommendations that are more specific to the uptake of genomics by commercial sheep
farmers are:

1. Do case studies on lower cost options and potential benefits (e.g. flock sample
profiling, parentage-only genotyping) and build a farmer-friendly customisable ROI
calculator. This could be done by B+LNZ and/or as part of a post-graduate student
project and would ideally be done in the next 12 months.

2. Prioritise farmer pain point traits (e.g health traits — starting with parasite tolerance and
facial eczema) for both reference population development/expansion and as an
extension pathway. This would ideally be a focus over the next 3-5 years. B+LNZ are
an obvious enabler of expanding relevant reference populations and also co-
designing and developing extension resources alongside farmers, private consultants
and other trusted advisors.

3. Co-design validation tools (e.g. scorecards) for market-valued fraits with processors,
banks & farmers within the next two years.

4, Genomics providers to co-design and develop farmer-ready tools, packages and
systems; bundle sampling kits, services and staged or subscription payment options, so
farmers receive usable decision tools, rather than having to wrangle data.

5. Explore co-investment models (government + industry) to correct market failure and
incentivize adoption in the next 12 months.

Explore co-investment models (government + industry) to correct markeft failure and
incentivize adoption. Freeing access to genotypes and phenotypes has the potential to
disrupt fraditional ram breeding models, raising equity concerns for phenotype contributors.
Governance frameworks must ensure fair reward and prevent fragmentation. With a



shrinking national flock, unity and critical mass are essential to maintain competitiveness and
confidence.

With coordinated investment, fair governance and practical tools, genotyping has the
potential to strengthen profitability, resilience and market confidence.
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Infroduction

Genotyping is the process of reading an animal’s DNA, typically from a small tissue sample
such as an ear nofch. It can be used to determine parentage and identify the presence or
absence of specific genetic markers. Genomic selection analyses thousands of DNA markers
to predict an animal’s genetic potential more accurately than traditional methods,
producing genomic breeding values (gBVs) that enable earlier and more informed breeding
decisions. (Martinez, Abanto, Dias, Olate, Nunez, Diaz, SepUlveda, Paz & Quinones, 2025).
Since its infroduction in 2001, genomic selection has been widely adopted globally,
accelerating genetic progress and reducing reliance on traditfional trait measurement
(Burrow & Goddard, 2023). Tools like Sheep Genetics Australia’s Flock Profile now allow
farmers to benchmark their flocks using average EBVs, even without individual performance
records.

Genomic technologies are increasingly recognised as fransformative tools in livestock
industries, offering opportunities to enhance genetic gain, fraceability, disease resilience,
and market alignment. Yet in New Zealand, genomics remains underutilised in the sheep
sector. The commercial ewe flock and its progeny, which are central to the national
breeding pyramid, have not been systematically genotyped, despite the availability of these
technologies for over a decade.

What makes genotyping powerful is its timing, as it can be done before an animal reaches
maturity, allowing farmers to make early informed decisions about which animals to keep,
breed, or sell, based on genetic merit, not just appearance or pedigree.

Despite these advances, uptake of genotyping and Electronic Identification (EID) in New
Zealand’s commercial sheep sector remains low. New Zealand’s sheep industry, though
shrinking, remains a cornerstone of the national economy (Johnson, Newman, McRae, van
der Weerden, Brown & Scobie, 2021). The decline from 57.9 million sheep in 1990 to 23.6
million in 2024 (StatsNZ, 2025) underscores the need for strategic, high-impact investment in
innovation and any further decline in the scale of the sector may compromise the ability to
invest in significant innovation at the industry level going forward. Increased application of
genomics, including genotyping some or all of the commercial flock offers one such
opportunity not just for genetic gain, but forimproved market access, tfraceability,
biosecurity, and trading confidence.

This report explores the feasibility, benefits, and barriers to scaling genotyping across the
commercial sector.



Purpose

The aim of this report aims to inform strategic decision making in the New Zealand sheep
industry by evaluation opportunities, risks and barriers associated with adopting genotyping
and genomic selection of the New Zealand commercial sheep flock.

Research Questions

1. Is there a strategic case for genotyping the New Zealand commercial ewe flock?2
a. Whatis the level/appetite for stakeholder adoption?
b. What are the potential opportunities?
c. What are the potential risks and barrierse

Methodology

This project used a mixed-methods approach to evaluate both the tfechnical feasibility and
stakeholder appetite for genotyping. Data sources included a literature review, a national
commercial farmer survey and semi-structured interviews with industry stakeholders. Mixed
methods are recognised as a robust approach, allowing for triangulation of qualitative and
quantitative data to enhance validity and depth of insight (Dawadi, Shrestha, & Giri, 2021;
Dossett, Kaiji, & Dimick, 2020).

The survey gathered core demographic data, before asking respondents to select from
multiple choice and scenario-type question. There were also some long/open answer
questions. The survey questions can be found in the Appendices section of this report.
Responses were obtained from 65 farmers.

The interviews were semi-structured and 9 interviews were conducted, from a range of
genetics experts, and other industry stakeholders including a rural banking professional, meat
processor representative, and a commercial farmer.

Findings were synthesised using strategic analysis frameworks to identify themes, gaps and
inform recommendations. Thematic analysis was used for qualitative interview data, to
identify recurring patterns and themes, and is a method recognised for its systematic
approach to coding and interpretation (Braun & Clarke, 2023). PESTEL Analysis was applied
to evaluate external macro-environmental factors (Political, Economic, Social,
Technological, Environmental) (Belsare, 2025). Finally, ESC (Environment-Strategy-Capability)
Gap Analysis was used to assess alignment between current industry practices and desired
industry practices, highlighting gaps and strategic priorities (Hubbard, Rice & Galvin, 2018).



Literature Review

Introduction

Genomic technologies have had significant impacts on livestock breeding globally, offering
tools to accelerate genetic progress and improve resilience in production systems. At their
core, these technologies use DNA information to predict genetic merit with greater
accuracy than traditional pedigree and performance-based methods.

International experience shows that genomic selection is now embedded in many livestock
breeding programs, supported by national reference populations and coordinated
investment. These systems demonstrate how genomics can deliver cumulative genetic gain
and align with market and regulatory demands for sustainability and welfare.

Despite these advances, adoption in New Zealand's commercial sheep sector remain
limited. Understanding why requires examining technical principles, economic viability,
governance models and extension strategies reported in the literature.

Opportunities

Genetic improvement

Genotyping provides a powerful lens through which commercial sheep farmers can assess
the genetic merit of their flock and generate estimated breeding values, without needing an
animal’s own performance records (Banks, 2024). This allows earlier and more accurate
selection, especially for traits that are low heritability, expressed late in life, or
difficult/expensive to measure (van der Werf et al., 2014). Genotyping enables
benchmarking of flock performance, helping farmers identify genetic variation and make
more informed decisions about replacements and mating (Sheep Genetics, 2005).

Genetic improvement is both permanent and cumulative. Once superior genetics are
infroduced into a flock, they persist and compound over generations. In U.S. dairy cafttle,
genomic selection increased annual genetic gain by 50-100% for high-heritability traits (e.g.,
milk yield) and by 300-400% for low-heritability fraits (e.g., somatic cell count and fertility)
(Garcia-Ruiz et al., 2016). In New Zealand, integrating commercial flock data into reference
populations could materially boost genetic gain, especially for traits like facial eczema
tolerance and internal parasite resistance (Banks, 2024).

In New Zealand’s sheep sector, genetic improvement has tradifionally relied on stud flocks,
with limited flow of superior genetics infto commercial populations. This creates an estimated
genetic lag of 5-8 years between fiers. This estimation assumes that rams transferred from the
nucleus to the commercial tier are the average of those born in the same year in the nucleus
(Blair and Garrick, 2007). Santos et al. (2017) showed that implementing performance
recording and genotyping in the multiplier tier reduced this lag by 2-3 years, accelerating
the flow of genetic merit to commercial animals which can increase the rate of genetic gain
across flocks and industry.

Genomic selection also helps avoid unintended consequences. A study on U.S. Holstein
cattle revealed that decades of selection for milk yield inadvertently reduced fertility and
immunity. Genomic analysis showed that regions selected for production were linked to
negative effects on health traits (Misztal & Lourenco, 2024). Van der Werf et al. (2011) and
Van Marle-Késter & Visser (2021) highlight that genomic selection enables breeders to



monitor a broader range of traits, including welfare and longevity, reducing the risk of
unbalanced selection.

Genotyping also allows commercial animals to contribute valuable phenotypic data to
national breeding programs, strengthening genomic prediction models and improving
breeding value accuracy.

Case Study: Parasite Resistance

Gastrointestinal nematodes (GINs) are a major health and productivity challenge in sheep
farming globally, including New Zealand. Infected animals suffer from anaemia, weight loss,
reduced growth, and in severe cases, death. Triple drench resistance, where parasites are
resistant to all three major drench families, is now a reality on many New Zealand farms
(Techion, 2024). A case study modelling the cost of drench resistance estimated potential
losses of up to $96.390 per year for a hill country sheep and beef operation if resistance is left
unaddressed (Beef + Lamb New Zealand, 2024).

Traditionally, breeding for parasite resistance has relied on phenotypic data such as faecal
egg counts (FEC) conducted after parasite exposure. This process is labour-intensive, costly,
and ethically complex when applied at scale (Notter, 2017). Genomic selection enables the
development of genomic prediction equations using a reference population, a group of
animals that are both genotyped and phenotyped for traits like FEC. Once these equations
are established, genomic breeding values (GEBVs) can be calculated for other animals using
only DNA data, without the need for repeated parasite challenges or FEC testing (Swan,
2012). This approach allows for earlier and more accurate selection. In practice, this means
that a smaller number of animals, such as those in a cenfral progeny test or reference flock,
can be challenged and sampled to generate genomic prediction models. These models
can then be applied to a much larger population of commercial and stud animals, enabling
selection for parasite resistance without direct phenotyping (Weaver, Weeks, & Bielek, 2021).

However, genomic predictions are only as accurate as the reference population they are
based on. Maintaining and updating this population is essential to ensure prediction
accuracy over time, especially as genetic relationships between reference and industry
animals diverge (Swan, 2012). Additionally, parasite resistance is a polygenic trait with small
individual marker effects, meaning that ongoing FEC recording may still be necessary to
refine prediction models and validate breeding decisions (Notter, 2017).

Genomic selection also supports other hard or difficult fo measure traits such as facial
eczema (FE) tolerance, meat eating quality, feed use efficiency, ewe longevity, and
methane emissions. Romney breeders farming in high-risk FE regions, have used RamGuard
testing since the early 1980s. Their rate of genetic gain in FE tolerance nearly doubled after
incorporatfing genomic selection into their breeding programs from 2012 onward, while also
improving maternal traits (Amyes et al., 2018).

Food safety, security and market and consumer provenance

Genotyping and EID are key enablers of traceability, food safety, and market access. They
support farm-to-fork tracking, disease response, and origin verification (Baird ef al., 2021;
FAO, 2022; McEwan et al., 2022). DNA-based traceability allows authorities to quickly identify
and isolate contaminated products, reducing the spread of disease and economic fallout.
For example, the USDA estimates that rapid traceability can reduce the economic impact of
a disease outbreak by up to 90%. In New Zealand, where agricultural exports are central to



the economy, such capabilities are critical for maintaining market access and public trust
(USDA APHIS, 2025).

International markets increasingly require tfraceability as part of import protocols. Countries
like Japan, South Korea, and the EU mandate traceability for red meat imports. Genomic
traceability systems, such as Ireland’s Irish Cattle Breeding Federation (ICBF), have
demonstrated how verified genetic data can underpin market access and consumer trust
(ICBF Annual Report, 2022; FAO, 2023). In New Zealand, integrating genotyping into
traceability frameworks could help meet evolving frade requirements and differentiate
products in premium markets (Banks et al., 2022; Teagasc, 2021). Genomics also detects
food fraud and contamination, verifying species and ingredients in meat and dairy products
(Laliotis et al., 2023; Zhao et al., 2025; Yang et al., 2022).

Consumer research suggests a wilingness to pay premiums for meat with traceability
attributes (Dickinson & Bailey, 2002). However, these studies typically assess tfraceability
systems as a whole and do not isolate the impact of genotyping or EID specifically.
Willingness to pay also varies by market and product type but increases significantly when
traceability is bundled with other attributes such as humane treatment or verified health
claims (Umberger et al., 2009).

Traceability adoption is limited by cost, integration challenges, and infrastructure gaps (FAO,
2022; Ministry for Primary Industries, 2023). Implementing traceability systems on farm incurs
costs, particularly for commercial farmers. A U.S. study found that a national traceability
program would require a 1.9-17.7% increase in beef demand to offset producer costs (Shear
& Pendell, 2020). Genomics has the potential to provide food safety, security and market
and consumer provenance as one of multiple benefits, thereby spreading the cost across
those benefits. However, the rewards of providing this information is usually captured further
along the value chain, despite the upfront investment required by the producer to produce
genetically verified claims.

Biosecurity Applications

New Zealand'’s stringent biosecurity system is vital to protect exports and animal welfare.
However, the sheep industry remains vulnerable to disease incursions, emerging pathogens,
and endemic conditions that impact productivity, welfare, and trade.

Genotyping the commercial sheep flock offers a strategic tool to strengthen surveillance,
enable early detection, and improve outbreak response. It improves disease tracking and
supports population-level surveillance by identifying animals with natural resistance dynamics
(McRae et al., 2021). It complements existing systems and provides deeper insight into
disease. Ireland’s integration of genomics intfo national cattle health programs, such as
breeding for resistance to tuberculosis and liver fluke, demonstrates the potential of
combining genetic profiles with health data to improve biosecurity outcomes (Irish Cattle
Breeding Federation [ICBF], 2019). In New Zealand, genotyping aligns with MPI's strategic
priorities for climate resilience and pest risk modelling (Meurisse, 2024), positioning the sheep
sector to meet future trade and biosecurity expectations.

In the event of a disease incursion, genotyping enables rapid identification of at-risk animails,
containment zones, and genetic carriers. It can also prioritise vaccination or culling
strategies. This capability is especially valuable in New Zealand, where early containment is
critical to profecting export markets and animal welfare (AgResearch, n.d.; FAO, 2022).



Decoupling of phenotyping from selection

Genomic selection has fundamentally reshaped livestock breeding programs by enabling
the estimation of genetic merit using DNA data alone, provided a robust reference
population exists (Meuwissen, Hayes, & Goddard, 2016). This innovation allows selection
decisions to be made independently of an animal’s own performance records or those of its
relatives, marking a significant shift from fraditional breeding approaches.

This shift allows breeding programs to be redesigned. Selection can occur earlier, and
phenotyping efforts can be concentrated on reference populations rather than stud flocks
(Banks, 2024; Swan, 2012). For New Zealand, this reduces the cost and labour of on-farm
data collection, broadens access to genetic improvement, and supports national indexes for
traits of economic and environmental importance.

However, this shift has the potential disrupt traditional stud breeding and business models,
opening up the possibility of commercial farmers genotyping commercial ram lambs fo use
as sires, reducing the number of rams they purchase from stud breeders each year. This
emphasises the importance for a strategic and ethical framework to be established to
ensure equity and value return for those who have contributed phenotype data (Banks,
2024).

The decoupling of phenotyping from selection represents a paradigm shift in sheep
breeding. It offers opportunities to reduce costs, improve selection accuracy, and
democratize access to genetic improvement. However, Banks (2024) emphasises that
decoupling phenotyping from selection requires strategic planning to ensure hard-to-
measure traits are still measured. Maintaining reference populations is essential to keep
genomic tools accurate.

Economic Viability

The economic viability of genotyping commercial sheep flocks depends on cost, genetic
gain potential, access to associated premiums and strategic implementation. Simulation
studies show that genotyping in the multiplier tier can significantly increase genetic gain and
reduce genetic lag between stud and commercial tiers by up fo two years (Santos et al.,
2017). However, at 2017 pricing, breakeven was only achieved after 18-29 years unless
genotyping costs dropped to NZD $10-$25/head, in which case breakeven occurred within
9-11 years. Current prices for parentage-only genotyping is in the range of $10-20/lamb, with
low-medium density genomic tests starting around $34/head (Totogen, 2025; Zoetis, 2025)

Modelling studies show that genomic selection can be more profitable than fraditional
methods, especially when supported by phenotypic data and robust reference populations
(Shumbusho et al., 2016). Their modelling showed that genomic selection could be up to 15%
more profitable than classic selection approaches, provided a reference population was in
place. In commercial Merino systems, Rose et al. (2023) demonstrated that genotyping could
improve selection decisions and deliver measurable economic benefits, especially when
used to inform replacement and culling strategies. However, they also noted that the cost-
benefit ratio was highly sensitive to genotyping prices and the accuracy of selection,
reinforcing the need for tactical implementation. Selection pressure on ewes is often limited,
reducing the impact of genotyping unless replacement strategies are optimised (Santos et
al., 2017). This may help explain the slow uptake of genotyping in commercial flocks,
particularly where replacement rates are high and selection intensity is low.



Importantly, the benefits of genomic selection are non-linear. Genotyping a small proportion
of animals can yield a large share of the potential gain. For example, genotyping the top
25% of male lambs in a Merino breeding program increased genetic gain by 13%, while
genotyping 50% increased it by 18%, and genotyping all males increased it by 26% (Berry &
Spangler, 2024). These diminishing returns suggest that optimal sampling thresholds exist,
beyond which additional genotyping yields marginal gains.

Low-density SNP panels combined with imputation from high-density reference animals have
emerged as a cost-effective strategy, maintaining prediction accuracy while reducing per-
animal costs (Berry & Spangler, 2024). Smaller, cheaper SNP panels are used, then statistical
imputation fills in the missing data by comparing these animals to a reference population
that has been genotyped using high density panels. This method delivers nearly the same
accuracy as full high-density genotyping, but at a significantly reduced cost, which could
make large scale genomic programs more affordable and practical for commercial flocks.
There is on-going work exploring other more cost-effective genomics strategies (Mohamed et
al. 2025).

While full-flock genotyping is rarely justified by traceability alone (Banks et al., 2022), ancillary
benefits such as genetic gain, improved selection accuracy, and enhanced management
decisions strengthen the economic case. National schemes may be viable if broader
industry benefits are considered, particularly if supported by fee schedule optimisation and
throughput growth (Berry & Spangler, 2024). However, widespread adoption by commercial
farmers and stud breeders will depend on continued reductions in genotyping costs, robust
reference populations, and alignment with industry priorities.

Stakeholder Appetite

The success of genotyping New Zealand's commercial ewe flock depends not only on
technical feasibility and economic viability, but also on stakeholder support and social
license. Farmers, processors, banks, government agencies (e.g., MPI), and consumers alll
influence adoption.

Surveys and interviews reveal moderate to strong interest in genomic traceability, especially
among processors and vertically integrated companies. Cost, complexity, and data
ownership are key barriers (Banks et al., 2022).

Farmer attitudes toward genotyping are mixed. While some see it as a pathway to improved
productivity and resilience, others remain cautious due to upfront costs, perceived
complexity, and uncertainty about return on investment. Generational differences are
evident, and younger farmers tend to be more open to genomic technologies, while older
farmers often rely on fraditional visual assessment and breeding methods. Cultural resistance
to change and peer influence also shape decision-making, with many farmers prioritising
short-term outcomes over long-tferm strategic investments (Van Eennennaam, 2025).

According to MPI's 2024 technical paper on Climate Change: Trade and Biosecurity
(Meurisse, 2024), the agency emphasizes the importance of future-proofing New Zealand's
readiness and response plans by integrating climate, frade, and pest risk modelling, and it
could be argued that genotyping commercial sheep could confribute to that. In the
Biological Emissions Reduction Science and Matauranga Plan (April 2023), MPI identifies “low
emission animal genetics” as one of the priority emissions mitigation solutions for acceleration



System Design and Governance

Equity and value-sharing are essential for the long-term sustainability of genomic systems in
New Zealand’s sheep industry. Stud breeders, who have historically contributed costly
phenotypic data, must be fairly rewarded if their data is used to benefit the wider sector
(Burrow & Goddard, 2023; Lee et al., 2021).

To address this imbalance, Banks (2024) and Berry and Spangler (2024) propose a levy-rebate
model, where commercial farmers and breeders who do not contribute phenotypic data
pay a per-head levy that is redistributed to those who do. This approach helps avoid free-
rider risks and creates a fairer, more transparent ecosystem for data sharing. It also
incentivizes high-quality data collection, which strengthens the national reference
population and improves breeding value accuracy (Banks, 2024; Berry & Spangler, 2024).

Successful models for phenotype contribution include Central Progeny Tests (CPTs), processor
feedback systems, and disease challenge studies (Lee et al., 2021). Despite the value of
these conftributions, concerns around data ownership and privacy remain a barrier. Farmers
may be hesitant to share genetic data without clear agreements on who owns the dataq,
how it will be used, and who benefits. Fears of corporate control or misuse of data can
reduce trust in genomic programs (Johnsson, 2023). Ethical frameworks are essential to
ensure fairness in genomic systems. These are discussed further in the Ethical Considerations
section.

System design and governance must balance innovation with fairness. Genomic progress
depends not only on technical capability, but also on ethical stewardship, inclusive
participation, and transparent value-sharing mechanisms. Without these, the risk of
fragmentation, mistrust, and inequity may undermine the potential of genotyping o
fransform the New Zealand sheep industry.

Funding Models

Implementing genotyping across New Zealand’s commercial ewe flock requires significant
investment, coordination, and long-term commitment. Three main funding models are
discussed.

Industry-Led Investment

New Zealand has a strong tradition of farmer-led cooperatives. Livestock Improvement
Corporation’s (LIC) investment in dairy genomics demonstrates how scale and shared
ownership can support reference populations and infrastructure (Spelman et al., 2020). In the
sheep sector, Beef + Lamb NZ Genetics has led initiatives like Cool Sheep and Central
Progeny Tests. However, industry-led models can face fragmentation, limited capital, and
slow uptake without clear commercial incentives (Burrow et al., 2021).

Public-Private Partnerships (PPPs)

PPPs leverage government funding alongside industry expertise. Pastoral Genomics and
DairyNZ's Industry Working Group recommend shared responsibility, national reference
populations, and improved fransparency. This model could be adapted for the sheep
industry, with coordination between B+LNZ, MPI, breed societies, and service providers
(DairyNz, 2024).

Private Investment and Commercial Models

Private companies may invest in genotyping to develop proprietary breeding lines, genomic
services, or fraceability platforms. Commercial models can accelerate innovation by



injecting capital, technical expertise, and market-driven incentives into breeding programs.
In sectors like poultry and swine, private breeding companies have driven substantial
productivity gains through focused investment and integration of genomic data into
selection programs (Narrod & Fuglie, 2000).

However, while private investment can accelerate innovation, it raises concerns about data
ownership, equity of benefit distribution, and market concentration. Commercial models
may underinvest in tfraits that lack immediate market value but are important for long-term
sustainability, such as climate resilience or animal welfare (Narrod & Fuglie, 2000; Bruford et
al., 2015). Another major concern is the potential for market concentration, where a few firms
dominate access to genomic fools and data, limiting competition and farmer choice
(Narrod & Fuglie, 2000). This can lead to inequitable distribution of benefits, especially if
proprietary platforms restrict access to breeding values or impose prohibitive costs on smaller
producers

International experience suggests that private investment is most effective when built on
publicly funded reference populations and open data infrastructure. Examples include
France’s meat sheep program and Australia’s MERINOSELECT, both supported by natfional
coordination and farmer-led governance (Raoul, Swan, & Elsen, 2018). A hybrid model,
combining public funding, industry leadership, and private innovation, is likely the most
effective path forward for New Zealand. It aligns with the country’s collaborative innovation
culture and ensures genomic tools remain accessible, equitable, and strategically aligned.

Data Management

Genomic selection relies on good data, not just DNA, but also information about animal
performance, pedigree, and environment. For genotyping to deliver value in New Zealand'’s
commercial sheep sector, this data must be well-organised, secure, and easy to use (Berry,
2023). Farmers are often hesitant to share genetic data without clear agreements on
ownership, use, and benefit-sharing. International models recommend transparent datao-
sharing agreements and systems that reward contributors (Banks et al., 2022; Genomics
Aotearoa, 2023).

Publicly available genomic and phenotypic data can drive innovation, equity, and
efficiency in livestock breeding, but must be managed carefully to mitigate risks related to
privacy, ownership, and commercial viability. Transparent governance, ethical oversight,
and stakeholder engagement are essential to ensure that open data serves both scientific
progress and the long-term sustainability of livestock industries (Zhao et al., 2024; Thorogood
& Chokoshvili, 2023).

Workforce Capability

Successful implementation of genotyping in New Zealand’s commercial sheep sector
depends not only on infrastructure and investment, but also on workforce capability. While
New Zealand has world-class genomic research institutions, capability gaps remain across
the broader agricultural workforce. These gaps include limited genomic literacy among
farmers and rural advisors, a shortage of frained geneticists and data scientists in the sheep
sector, and a growing need for cross-disciplinary skills that combine genetics, data analytics,
and farm systems knowledge (DairyNZ, 2024; Roby Dodd et al., 2023).

To address these challenges, initiatives such as postgraduate training, extension services, and
industry internships are being developed. B+LNZ Genetics has invested in applied science
pathways and farmer education to improve understanding of breeding tools and genomic



technologies (B+LNZ Genetics, 2024). Internationally, programs like the U.S. Agricultural
Genome to Phenome Initiative (AG2PI) and Genomic Literacy, Education and Engagement
(GLEE) offer models for integrating education into national genomic strategies (Zimani et al.,
2021; NHGRI, 2017) that involve targeted upskilling programs, co-designed with industry, and
delivered through accessible formats such as field days, online modules, and peer-to-peer
learning.

Ethical considerations also intersect with workforce capability. As genomic data becomes
more central to breeding decisions, those involved in data collection, analysis, and
interpretation must be frained in ethical governance, privacy protection, and responsible
data use. This includes understanding consent protocols, data ownership rights, and the
implications of genomic information for animal welfare and farm management (Kramer &
Meijboom, 2022).

Ethical considerations

The expansion of livestock genotyping and genomic selection raises a range of ethical
considerations that must be addressed to ensure responsible and inclusive implementation.
One key issue is the potential disruption of existing industry structures. Genomic technologies
can concentrate breeding power among a few elite operations or commercial providers,
potentially marginalising smaller breeders and reducing diversity unless governance
frameworks ensure equitable access (Kramer & Meijboom, 2022).

Data ownership and consent are also central. Farmers contributing genetic data may have
limited confrol over its future use, especially if managed by commercial platforms.
Transparent consent processes and clear data-use agreements are essential to maintain trust
(Thorogood & Chokoshvili, 2023). Dynamic consent models, used in human genomics, may
offer a pathway for livestock systems (Zimani et al., 2021).

Animal welfare must also be considered. While genomic selection can improve traits like
disease resistance and longevity, it may also intensify selection for productivity traits that
compromise health. Ethical breeding programs must balance productivity with welfare
outcomes and avoid perpetuating traits that reduce resilience (Ishii, 2017; Nuffield Council on
Bioethics, 2021).

Genetic diversity is at risk when genomic selection favours a narrow set of traits or relies
heavily on a limited number of sires. Reduced diversity can undermine long-term resilience to
disease, climate change, and market shifts. Conservation of genetic resources, including rare
breeds and diverse genotypes, is essential for future adaptability and should be integrated
intfo national breeding strategies (Bruford et al., 2015). Public gene banks and open-access
genomic databases can support this goal but require sustained investment and
coordination.

Public perception plays a significant role in shaping the acceptability of livestock genomics.
While genomic selection is generally viewed as an extension of fraditional breeding, gene
editing and other advanced technologies often face scepticism due to concerns about
unnaturalness, food safety, and ethical boundaries (Ishii, 2017). Transparent communication,
stakeholder engagement, and education are essential to build public frust and ensure that
genomic innovations align with societal expectations (Zimani et al., 2021).

Ethical frameworks for livestock genomics emphasise transparency in data use, informed
consent from conftributors, equitable benefit sharing, and respect for cultural values—
particularly in Mdori farming systems (Genomics Aotearoa, 2023; OECD, 2021). These



principles are critical to building trust and ensuring inclusive participation in genomic
programs.

Extension and Adoption

The adoption of genotyping and genomic selection by sheep farmers in New Zealand is
influenced by a complex interplay of technical, economic, and social factors. One of the
key barriers is limited genomic literacy among farmers and rural advisors, which affects their
ability to interpret breeding values and integrate genomic tools into decision-making.
Extension services play a critical role in bridging this gap by translating complex genetic
information into practical, farm-level insights. Programs led by Beef + Lamb New Zealand
Genetics have begun to address this need through workshops, field days, and online
resources that explain genomic principles and demonstrate their economic value
(AgResearch, 2023).

Farmer adoption is also shaped by trust in the technology and its providers. Studies show that
farmers are more likely to adopt genomic tools when they are co-developed with industry,
supported by peer networks, and embedded within existing breeding frameworks (Burrow et
al., 2021).

Social and psychological factors, such as risk aversion, perceived complexity, and resistance
to change can also play a role. As Agnew (2024) notes, the biggest barrier to technology
adoption on farms is often not cost, but human readiness for change. Extension strategies
must therefore go beyond information delivery to include relationship-building, peer learning,
and long-term support. Farmer-led innovation groups and participatory breeding programs
have shown promise in increasing engagement and uptake of genomic tools (Burrow et al.,
2021).

The adoption of genotyping and genomic selection in sheep farming has traditionally relied
on information-transfer models of extension, where advisors deliver technical knowledge
through workshops, factsheets, and presentations. While these methods have value, they
often assume that farmers must understand the science behind a tool to use it effectively.
However, emerging evidence suggest that farmers can extract value from genomic
technologies without needing to fully grasp the underlying genetics, much like how they use
smartphones or Al-driven apps without understanding the algorithms. Tool-based
approaches, such as decision-support platforms or mobile dashboards, offer an alternative
pathway to adoption by simplifying complexity and embedding genomic insights directly
info farm management workflows (Van Eenennaam, 2025; Addorisio et al., 2025). These tools
can translate genomic data intfo actionable recommendations, such as which ewe lambs to
retain or which rams to mate, using intuitive interfaces and visual cues. Compared to
traditional extension, tool-based approaches may be more scalable, especially in extensive
systems where time and access to advisors are limited.

A hybrid model combining digital tools with facilitated workshops and ongoing advisor
support may be the most effective approach. This respects farmer expertise while enabling
broader adoption of genomic technologies.

Conclusion

The literature supports a strategic case for genotyping New Zealand’s commercial ewe flock,
parficularly through targeted approaches such as sire genotyping, flock profiling, and
infegration with national breeding programs. Genomic selection offers cumulative and



permanent genetic gain, improved selection for hard-to-measure traits, and enhanced
traceability, biosecurity, and climate resilience.

However, the adoption of genotyping is constrained by cost, infrastructure, and stakeholder
alignment. Key challenges include fragmented data systems, limited genomic literacy,
concerns around data ownership, and the need for equitable reward systems for phenotype
contributors. Infernational models such as Ireland’s ICBF and Australia’s MERINOSELECT
demonstrate the value of coordinated investment, robust reference populations, and
farmer-led governance.

Currently the cost associated with genotyping commercial sheep is cost prohibitive and no
single benefit is likely to offset the cost of genotyping commercial sheep. However, as
markets and fechnology evolve it is possible that the accumulated impact of multiple
benefits may result in a compelling case for the strategic genotyping of commercial sheep in
New Zealand.

Extension and adoption strategies must go beyond technical education to include practical
tools, peer learning, and frust-building. Genomic technologies should be positioned not as
replacements for farmer expertise, but as tools that enhance decision-making and resilience.

The literature highlights that genotyping is not a silver bullet, but a strategic lever for industry
transformation. Its success will depend on inclusive system design, ethical governance, and
sustained investment in infrastructure, capability, and farmer engagement.

Findings and Discussion

Survey Results

Demographics/Background

A total of 65 responses from 11 different regions were received from a survey that was
distributed via personal and professional social media and email networks. The majority
(75.4%) were commercial sheep farmers, with the remainder made up of sheep stud
breeders and genetics specialists. 73.8% of respondents farmed 2000 sheep or more and
received over half of theirincome from their sheep enterprise. 87.7% of respondents were
aged 45 years old or older.

Interestingly, 50.8% of respondents did not currently have EID tags in sheep but were open to
the idea, and another 44.6% had EID tags in some or all of their sheep. This percentage was
higher than | anticipated and may reflect a self-selecting cohort of survey participants who
already have an interest in genetics and the potential of EID tags, or it may in fact represent
the sector.

Internal parasites, survival, growth, body condition score, and reproduction were the most
frequently selected traits that respondents wanted to improve over the next ten years (Figure

1).



What five trait groups would you most like to improve over the next 10 years?
65 responses

Growth 41 (63.1%)
Reproduction 27 (41.5%)
Survival 44 (67.7%)
Adult Size
Meat Traits

Facial Eczema
Internal Parasite traits
Wool traits
Shedding/Bare traits
Body Condition Score
Dag Score

Methane emissions
Feed efficiency
Structure

53 (81.5%)

31 (47.7%)
22 (33.8%)

21 (32.3%)
20 (30.8%)

0 20 40 60

Figure 1. Five trait groups survey respondents would most like to improve over the next 10 years.

Potential Benefits

Respondents were most confident of the likelihood of genotyping commercial sheep to
improve farm productivity and profitabilty and genefic improvement in animal health and
wellbeing and genetic improvement in traits that reduce labour and improve ease of
management. This suggests that farmers are most confident in direct, farm-level benefits that
improve operational efficiency and genetic gain, rather than those dependent on external
parties, such as processors. Respondents had the lowest confidence in genotyping
commercial sheep improving social license to farm, and improving market access and
premiums.

“Massive opportunity for farmers to make a considerable amount more profit with
less work."”

Potential Barriers

The most commonly selected barrier fo adoption was “Cost” (83.1%). This was followed by
uncertainty about “Return on investment” (47.7%) and “Doubts about market premiums”
(40%) (Figure 2).



Which of the following factors would discourage you from using genotyping in your flock? (Select all
that apply)

65 responses

Cost
Time/labour to tag or sample la...

54 (83.1%)

Lack of clear information
Uncertainty about genomics
Uncertainty about estimated br...
Uncertainty about return on inv...
Doubts about market access i...
Doubts about market premiums

10 (15.4%)

4 (6.2%)

—31 (47.7%)

21 (32.3%)

26 (40%)

Not convinced of enough genet...
Rate of progress too slow

Uncertain of how to implement...

—2 (3.1%)
17 (26.2%)

0 20 40 60

Figure 2. Factors likely to discourage survey respondents from genotyping their flock

An opportunity was provided for respondents to detail other factors that would discourage
them from genotyping their commercial sheep. These responses reinforce that technical
feasibility alone is not enough. Based on analysis of the survey responses, the following
themes emerged suggesting what respondents considered would be required for

genotyping to succeed in commercial sheep farming. This includes direct quotes relatfing to
some of those themes:

Tag reliability and practical challenges
Cost and cashflow constraints
Labour and time requirements
Workforce capability and data literacy/burden
Farm scale and system fit
Knowledge and confidence gaps
Philosophical and strategic reservations
“Could distract from the real profit drivers... too many people look for genetic
solutions fo management problems.”
8. Trustin genomic prediction and governance
"Genomics may become overly commercialised and locked out by
proprietary rights and intellectual property.”

No ok~

Preferred models

Respondents were most interested in low-moderate cost genomic service models, with 84.4%
or respondents selecting the low or moderate options that gave access to genomic
breeding values for 3 or 5 traits, respectively.

When presented with the option of genotyping all, 50% or 5-10% of their replacement ewe
lambs, 53.1% selected the moderate cost (50% of replacements) option.

Confidence in genomic data

41.5% of respondents would value a ram that has only been assessed using DNA/genomic
data for facial eczema equally to a ram from a stud that also tested animals for facial



eczema (phenoyting). 35.4% or respondents would need more information to decide (Figure
3).

If you were choosing a ram for facial eczema tolerance, how much would you trust a ram that has

only been assessed using DNA/genomic data, compar...al eczema in real-life conditions (phenotyping)?
65 responses

@ | would value them equally

@ | would prefer the phenotyped ram

@ 1 would prefer the genomics-only ram
@ | would need more information to decide

Figure 3. Summary of respondent responses to preference of buying a ram that has only been
genotyped or has been genotyped and has phenotypic data recorded for that trait.

When asked a similar question about purchasing ram hoggets with a focus of selecting for
lower faecal egg counts, 50% of respondents would consider a ram that had a phenotype
for faecal egg count under a parasite challenge to be worth $200 more than a ram hogget
that only had a genomic breeding value, but no associated phenotype (Figure 4).

You are looking at two ram hoggets to purchase and are interested in selecting for lower faecal egg

counts (FEC). Please indicate the difference in price that you would be willing to pay for each ram?
64 responses

@ | consider both rams to be of equal
value

@ | consider Ram A to be worth $200 more
than Ram B

@ | consider Ram B to be worth $200 more
than Ram A

@ | consider Ram A to be worth $500 more
than Ram B

@ | consider Ram B to be worth $500 more
than Ram A

Figure 4. Summary of survey responses asking how farmers would value a ram that has both genomic
and phenotype information or genomics only information.

When asked to explain their responses, a key theme to emerge was the belief that
phenotypic data adds validation, fransparency and credibility to genomics predictions

“l use and believe in EBVs but testing in a real farm or challenge situation gives
assurance.”

When asked how confident they would feel using breeding values to select replacements,
even it if meant choosing animals that don't look like usual picks (but significant structural



issues had been culled), 65.1% of respondents said they would feel “somewhat confident —
I'd use gBVs but still rely on visual checks” (Figure 5).

Imagine it's weaning time, and you're selecting replacement ewe lamb replacements. You have

access to genomic breeding values (gBVs) for traits ...sing animals that don't look like your usual picks?
63 responses

@ Very confident — | trust the genomic data
over visual traits

@ Somewhat confident — I'd use gBVs but
still rely on visual checks

@ Neutral / Not sure — I'd need more
information or support

@ Somewhat unsure — I'd prefer to rely on
traditional selection methods

@ Not confident at all — | don't trust
genomic data for this decision

Figure 5. Summary of survey responses asking how confident farmers would be to select ewe hogget
replacements on genomic data (after major structural culls have been removed)

When asked how confident they felt about investing in long-term genetic gain, 20.9% of
respondents felt either somewhat or very confident. Many respondents expressed a belief in
cumulative, permanent genetic gain.

“You never regret better genetics. The only thing is to be certain you're selecting for the right
things.”

Others cited positive results from previous genetic investments, reinforcing that experience
builds confidence, especially when results are visible.

“Just look at the NZ sheep flock’s performance over the last 30 years — the gains have been
huge.”

Some expressed an interest, but the cost and ROl were deemed prohibitive.

“Somewhat confident; however, sheep & beef farming needs to be profitable enough to
afford an ‘extra’ investment.”

Several responses emphasised that genetics must complement good management,
reflecting a necessarily holistic mindset where genetic gain is one part of a broader farm
strategy.

“...Could be a lot more money to be made by better management of ewe flocks. But we still
need someone to lead the way for sure.”

Support Needs for Genotyping Decision-Making

The key themes to emerge from the survey responses regarding support needed to aid
decision making regarding genotyping were:

1. Clear economic justification
2. Accessible information and education



3. Practical demonstration and peer support

4. Simplified tools and interfaces

5. Sampling logistics and cost reduction

6. Confidence/validation of genomic data
Investment strategy

When asked if genotyping should be an individual farm decision or part of a wider industry
strategy, 76.9% of respondents selected individual farm decision.

The key reasons given for this were:

Respect for farmer autonomy

Concerns about mandates and top-down pressure
Cost and ROl uncertainty

Need for validation and evidence

Mo nd =

“Let each farmer decide what best suits them.”

Of those who selected that genotyping should be part of a wider industry strategy, their
rationale was largely around making more progress by working fogether. There were also
some responses that supported a hybrid approach of industry investment, but individual
farmer opt-in.

When asked what role processors, industry bodies or government should play in supporting
adoption if genotyping and EID tags were shown to deliver benefits for the wider sheep
industry and NZ, there were a range of responses. Respondents generally supported the
involvement of these groups and suggested the following:

e Financial support and subsidies

e Mixed views on premiums and market incentives — most responses supported this, but
some felt that processors could not/should not invest fime or energy away from core
business currently

e Education, promotion and extension

¢ Validation and evidence

e Respect for farmer autonomy

¢ Mixed views on government involvement — 2 out of 52 responses were opposed or
strongly opposed to government involvement.

When invited to share thoughts on wider issues regarding sheep farming and genotyping, the
following themes emerged:

e Optimism about potential of genotyping/genomics

e Cost and accessibility concerns reiterated

¢ Importance of validation and balanced breeding and management

o Strategic role of genetics in industry resilience

e Need for leadership and practical support, but a farmer-led rather than a top-down
approach.

e Desire for clear information, easy-to-use tools and practical examples to help
decision making

Otherideas that emerged but with less consensus included

e Uncertainty about sheep industry future in New Zealand



e Concern from stud breeders

*...a general lack of profitability within our industry over time probably curbs the
confidence for significant investments to be made.”



Interview Analysis

Thematic Analysis
A total of 9 interviews were conducted, comprising four genetic specialists, two industry leaders, one processor, one genomics service provider and a rural
banking specialist. These interviews generated a valuable and insightful dataset. A mindmap was created, to outline the key themes and sub-themes that

emerged from the interviews.

Accuracy-per-dollar

Consider cheaper entry points = Cost= significant barrier for ewe genotyping Strategic value proposition & primary use cases
> Economics, pricing & platform pathways L prop primary On-farm decisions

Premiums vs market access
Ram-first deployment

Potential to improve risk ratings/interest rate outcomes Banking lens
Urgent, hard -to-measure traits e.g. internal parasites and facial eczema
Justifies collective co-funding =——————— Market failure logic Funding models, governance & market design
Traits to target & where genomics helps most "Nature-positive" and methane —— Help retailers meet their commitments
Subsidise genotyping
Meat eating quality scepticism

Genotyping Commercial Sheep in NZ
Phenotype credits

Various mechanisms proposed Work with the willing

End-point royalties/levies
Succession & capital are limiting factors

Government + Industry co-investment
Adoption, extension & behaviour

Data quality & interoperability

Reference populations & linkage <
Simple, credible outputs Education as marketing; system reboot. Design tools that demand no extra work
Digital phenotyping &Al Data infrastructure, tools & reporting Consumer-led, integrated systems, verified sustainability
i i Data hygiene + frictionless phenotyping as infrastructure

Support brand integrity Trac provenance
2050 vision & strategic priorities High welfare, low labour sheep

Pilots to prove ROI
> Market & value-chain alignment

'Nature-positive' expectations == Processor/retailer pull

Profitability and succession viability

High genetics literacy

Figure 6. Thematic analysis of semi-structured interview responses



Combined Survey and Interview Analysis

PESTEL Analysis

Understanding the case and appetite for genotyping in New Zealand’s commercial sheep
sector requires more than technical and economic evaluation. External factors such as
policy settings, market signals, social attitudes, technology frends, environmental pressures,
and legal frameworks all influence the feasibility and timing of change.

The PESTEL framework (Political, Economic, Social, Technological, Environmental, Legal)

provides a sfructured lens to examine these macro-level drivers and constraints (Belsare,
2025). Applying this analysis helps identify opportunities and risks beyond the farm gate,

ensuring recommendations are aligned with industry priorities and external realities.

P — Political
e Align with national priorities. Several interviewees suggested linking genotyping to
MPI's climate resilience and biosecurity strategies, positioning genomics as a tool for
frade-readiness. New Zealand's methane reduction targets and retailers’ Scope 3
commitments cause strong external drivers for low-emissions genetics.

e Trade diplomacy & market access. International retailer commitments to climate and
nature-positive sourcing are shaping premiums for methane-aware, traceable,
welfare-aligned products. Sustainability credentials increasingly influence export
negotiations; failure to adapt could erode NZ's competitive position.

¢ Facilitate value-chain communication. It became apparent during the interview
process that there were significant communication gaps between stakeholders along
the sheep meat supply chain, offering an opportunity forimproved outcomes via
greater communication and alignment. This related to topics such as trait priorities,
incentives, and the ‘readiness’ of various parts of the chain to respond to market
signals.

o Government co-funding appetite.

o Public—private co-funding is justified by market failure - phenotyping/genomic
infrastructure yields public/industry good (Scope-3 compliance, frade-
readiness), while individual farmers cover the direct costs and adoption risk.
Time-bound government investment and governance (accuracy/reporting
standards) can correct under-investment.

o Models like AgriZero show willingness for public-private partnerships, but
reliance on subsidies risks short-term thinking and outcomes if exit strategies
aren’t clear.

"Retailers have made Scope 3 emissions commitments... we can reward farmers who
prove their carbon emissions.” - Processor

"We capture GHG numbers for all of our clients—deer, sheep, dairy. If you had credible
information that reduces GHG numbers, that's going to have an overall impact on your
credit rating.” - Rural Banking Specialist



E — Economic

Cost barrier. ROI clarity and payback periods are critical for adoption. Current
genotyping prices are prohibitive for whole-flock adoption; ROl improves only when
multi-trait value is stacked (productivity + sustainability + welfare) along the supply
chain. Banks indicated willingness to finance if profitability and risk reduction were
evident, but genetic potential doesn’t influence stock valuations. Funding models
discussed included industry levies and co-investment from processors and service
providers.

Cost-effective entry points are critical for adoption. Accuracy-per-dollar matters for
adoption, meaning “how much more accurate are selection decisions per dollar
investede”. Parentage-only, flock sample profiling or low-density panels with
imputation may be useful, lower cost entry points for commercial farmers.

Succession & capital constraints. In the survey, farmers report high confidence in
long-term genetic gain, but up-front spend and payback timing remain practical
constraints, particularly as sheep farmers face succession issues and capital
constrainfts.

Phenotyping reimbursement is essential. Levy/credit models were advocated for by
genetic specialists to sustain hard or expensive to measure trait phenotyping and to
prevent free-riding. This sfill allows for individual farm decision-making, but if pursued
would mean those that choose to use genotyping work within a levy/credit model to
access genomic data.

Stacked value. Genotyping commercial sheep is not a silver bullet to solve one
particular issue, but rather offers multiple, stacked benefits to a range of issues and
opportunities. Nature-positive market credentials (health, welfare, fraceability)
expand the economic case beyond farm-level gains.

Positive externalities from phenotyping/genomic evaluations create
under-investment at farm level. Premiums may commoditise, turning credentials into
market-access tickets rather than price uplifts. Mechanisms (e.g. phenotype funds,
end-point royalties, processor-aligned incentives) are needed to internalise value.

“We've goft to be relentless about going after the value pockets or we won't give customers

a reason to buy our product.” - Industry Leader/Farmer #1

“We need to see a financial return on our investment.” - Survey respondent

S — Social

Autonomy. Farmers value autonomy and resist mandates.

Divergent mindsets exist along the supply chain - the farmer survey shows strong
interest in parasite tolerance, and productivity traits, and weak interest in methane.
This indicates a disconnect between farmer priorities and the priorities of other supply
chain stakeholders, such as banks, processors and retailers.

Succession and workforce capability were raised as broader sector challenges.



Education gap. EBVs and genomics remain intfimidating. Complexity and lack of
confidence were noted as barriers. Some interviewees recommend extension is tool-
led with practical scorecards and peer case studies over theory-heavy workshops.

Demographic realities. Majority of respondents are 45 years old or older, and time-
poor, with succession issues looming. Adoption strategies must respect workload and
minimize complexity.

“Farmers don't want to be dictated to - voluntary adoption is crifical.” - Infernational

Genetics Specialist #2

T — Technological

Data hygiene & infrastructure. Accurate EID, parentage, and phenotype-genotype
linkage are prerequisites; poor data quality undermines ROI

Platform innovation. Low-density chips + imputation and genotyping-by-sequencing
could cut costs, but validation, and interoperability are critical.

Digital phenotyping: Cameras, drones, and wearables promise low-labour data
capture; still early-stage and cost-heavy.

Risk of fragmentation: Competing private systems without common standards could
confuse farmers and slow sector-wide genetic gain.

Need for simple, farmer-friendly tools. Interviewees and survey respondents stressed
the need for simple, farmer-friendly tools

“We couldn't find reliable software that could share information with other platforms.” —

Survey respondent

“How the hell do you identify your high performers? You can’t do it at mob level - you've got

to do it at individual level.” — Industry leader/farmer

E — Environmental

Nature-positive credentials offer stacked value

o Combining health, welfare, and traceability improvements via genotyping
creates credible farm-level marketing credentials for processors and retailers
to extract premiums and market access while also aligning with farmer
priorities.

o Addressing farmer pain points also contributes to the nature-positive narrative
desired by the consumer/market, e.g. Selecting for parasite resistance
reduces chemical use; FE tolerance improves resilience to climate-linked
disease.

Integrated systems lens. Some interviewees advocated for diversified, low-input
systems where genomics underpins sustainability.

“Nature-positive credentials will be a ticket to trade.” - Industry Leader #1



L — Legal / Ethical
o Data governance and consent critical. Inferviewees stressed the need for explicit
agreements on ownership, access, and benefit-sharing. IP rights over reference
populations and genomic data need transparent frameworks; lack of clarity could
deter private investment and/or erode stud breeder confidence.

e Voluntary adoption with ethical stewardship. Survey sentiment resists compulsion;
transparency and choice are key to social license.

e Fair reimbursement. Royalty/reimbursement frameworks and guardrails for genomic-
only predictions are needed to protect phenotyping and avoid fragmentation.

“Risk to studs if commercial farmers can breed their own rams without gathering raw data.” -
Survey respondent

“"We're developing a mechanism, so genotype-only users pay more, and that money funds
reference populations - fair reward for phenotype contributors.” - International Genetics
Specialist #2



Environment — Strategy — Capability Gap Analysis

The ESC (Environment- Strategy- Capabilities) Gap Analysis framework provides a structured
approach to evaluate the alignment between the sheep industry’s current state and ifs
desired future state regarding genomic integration. This analysis identifies gaps across three
dimensions (Hubbard, Rice & Galvin, 2018):

e Environment: External factors shaping industry priorities, including market signals,
regulatory pressures, and sustainability expectations.

e Strategy: The sector’s plans and actions to leverage genomics for productivity,
resilience, and market positioning.

e Capabilities: The technical, financial, and human resources required to implement
these strategies effectively.

By mapping current practices against desired outcomes, the ESC gap analysis highlights
where investment, coordination and capability development are needed to enable
informed, scalable adoption of genotyping in New Zealand's commercial sheep sector.



Table 1. Environment - Strategy — Capability Gap Analysis

Area

Current State

Desired State

Gaps

Priority Actions

Environment

Fragmented value-chain
communication; limited
alignment on frait priorities,
incentives and tools.
Suggestion of market failure.

Coordinated roadmap linking
genomic adoption to national
priorities (climate resilience,
biosecurity, trade-readiness).
Clear market signals for nature-
positive traits supported by
genomic credentials.

Misalignment between farmer
pain points and retailer
sustainability drivers; unclear link
to finance benefits. Market
failure - collective benefits not
fully captured by individual
farmers — underinvestment.

Convene multi-stakeholder forums; publish
sector roadmap; infegrate genomics into
sustainability and trade strategies. Align
processor-bank incentives. Pilot processor
programs using genomic scorecards for
health, welfare, and emissions traits. Explore
co-investment models (government +
industry) to correct market failure and
incentivize adoption. Reframe sustainability
fraits; publish ROI case studies; co-design
bank & processor-ready sustainability & other
‘selling point’ scorecards.

Strong preference for
voluntary, farmer-led
adoption; lead with pain
points (parasites, FE).

Phased strategy: flock sample
profile — parentage-only — low-
density + imputation ramp —
expanded trait coverage.

No clear adoption roadmap; risk
of ad hoc uptake

Develop staged implementation plan; lead
with pain-point traits (parasites, FE); publish
ROI models.

data friction in sampling and
portal usability.

(Cull/Mate lists, trait scorecards,
ROI calculators).

deter adoption.

Strategy Limited guardrails for Ethical framework with minimum | Potential for increased rate of Co-design governance guardrails; embed
disruptive use cases (e.g., accuracy standards and genetic gain but also a risk of fransparency in genomic service
ram-hogget genomic disclosure requirements. undermining stud breeder value | agreements.
predictions). and sector cohesion.

Reference populations exist Multi-breed reference Insufficient phenotyping for hard- | Expand reference populations; implement
but lack breadth and depth. | population backbone with to-measure traits; risk of levy/credit funding for phenotyping; publish
regular accuracy/linkage prediction decay. accuracy dashboards.
reporting.
Capability Limited farmer-facing tools: Simple decision-support tools Complexity and time burden Develop farmer-ready packages; bundle

sampling kits, services and staged or
subscription payment options; train advisors.

Workforce capability gaps in
genomic literacy and
advisory support.

Skilled advisor network and
farmer education programs
integrated with tool-led
extension.

Shortage of trained advisors;
limited genomic literacy among
farmers.

Deliver structured advisor training; co-design
extension programs with industry; embed
peer case studies.




Further Discussion

The multi-analyses of survey and interview findings and the literature review have allowed
key themes to be identified in the context of wider macro-environmental drivers and
constraints. This process highlighted current gaps, and opportunities for action.

One theme requiring deeper discussion is the misalignment between farmers and other
sector stakeholders regarding the prioritisation of reducing methane emissions. A strong focus
for a number of large retailers (including McDonalds, Sainsbury’s, Tesco) is their commitment
to achieving Scope 3 emissions reductions by 2030. Scope 3 emissions encompass all indirect
greenhouse gas (GHG) emissions that occur in a company’s value chain, including raw
material production and purchased goods (such as meat and fibre). These often represent
the majority of a company’s total emissions (GHG Protocol, 2023). Leading retailers have set
targets to reduce forest, land and agriculture emissions by 30-39% by 2030. These targets are
important for sheep farmers because processors and retailers increasingly require verified
farm-level data to demonstrate progress towards Scope 3 goals. Meeting these expectations
is becoming a prerequisite for market access and participation in premium programs linked
to sustainability.

For some farmers, however, reducing methane emissions remains a contentious issue and
may be considered to be politically or ideologically driven. This perception creates tension
with personal values and infroduces uncertainty, as policy shifts under changing
governments could alter targets and incentives before investments deliver returns. Farmers
also express concern that aggressive methane reduction targets could undermine
profitability and threaten rural communities (RNZ, 2025). Some argue that reducing livestock
numbers to meet methane targets risks compromising food production and global food
security (Rural News Group, 2025). Additionally, many farmers are unconvinced of a clear link
between selecting for lower methane-emitting animals and improved profit and worry that
including methane in breeding objectives may slow genetic gain in other areas or create
unintended consequences. This was reflected in survey results, where only one respondent
selected methane as a priority frait for the next decade.

With Scope 3 target timelines approaching, the conversation around methane emissions is
not going away. Messaging should frame climate traits as part of a broader package, such
as reduced chemical use through improved parasite and disease tolerance, improved feed
efficiency, and improved welfare and productivity outcomes. Genetics requires a balanced
approach and breeding objective, and improving productivity and efficiency is recognised
as a fool to improve both profitability reduced emissions intensity. Farmers are already
contributing to nature-positive outcomes, including biodiversity initiatives, and genomics
offers an opportunity to validate methane performance while driving gains in other high-
value fraits.

Gaps in communication across the supply chain were evident in several interviews,
sometimes explicitly and other times through what was left unsaid. This disconnect highlights
fragmented information flow and limited fransparency between research, service providers,
processors, bankers, farmers and other stakeholders. These gaps risk slowing adoption and
undermining confidence in innovation, and issues around trust, regardless of whether the
communication gaps are intentional or unintentional. The opportunity lies in creating
stronger alignment of goals, tools, and sfrategy across the value chain. Without a shared
understanding of timelines, capabilities, and market signals, the sector risks inefficiencies and
missed opportunities, such as tools to address animal health and social license issues. A



coordinated communication framework, supported by regular cross-sector forums, shared
technology roadmaps, and clear messaging could help ensure effective and impactful
investment and innovation development for the sheep sector. This could be addressed by
either stronger returns at the farmgate, or perhaps more likely in the short ferm, investment in
addressing the market failure which is covered in more detail later in this discussion section.

An interesting point was raised while interviewing the rural banking specialist. Currently banks
do noft attribute any financial value to genetic merit of livestock, regardless of livestock class.
This means an animal with superior genetic potential for lambing, growth, or parasite
resistance is valued the same as one with poorer genetic merit. While this simplifies financial
analysis, genomics’ ability to quantify genetic value raises questions about whether this
approach should evolve to recognise livestock genetic potential in future lending and
livestock trading models. Whilst there is evidence of higher breeding worth dairy cows
attracting a premium in the trade-stock market, this is less common in the NZ sheep industry
currently, which presents an opportunity for higher genetic merit sheep to be recognised and
valued on the trading market.

Despite extensive exploration of adoption themes, this project does not fully quantify the
answer to the research question: “Is there a case for genotyping commercial sheep in New
Zealand?2” On-farm genetic gain is relatively straightforward to model and aligns with farmer
confidence in genotyping benefits but depends on individual breeding objectives and frait
priorities. Beyond the farm gate, financial benefits remain difficult to model as market
premiums are untested. A practical next step would be developing a simple, customisable
ROI calculator for farmers to estimate payback periods based on flock size, breed, and trait
selection.

The concept of market failure was referred to by several of the interviewees in regard o
genomics in New Zealand sheep flocks. Market failure is defined as occurring when a free
market fails to allocate resources efficiently, resulting in outcomes that are not socially
optimal or economically efficient. This tends to occur when private incentives do noft fully
align with society's broader interests and economists typically identify market failure in
sifuations where externalities exist (e.g. costs or benefits spill over to third parties), public
goods are undersupplied, information asymmetry distorts decision making and/or market
power disrupts competitive pricing (NSW Department of Industry, 2017). When a farmer
genotypes their flock, the data improves the accuracy of national breeding evaluations and
benefits the wider sheep industry through genetic progress, productivity gains, sustainability
outcomes and better animal health. However, these collective benefits are not fully
captured by the individual farmer, so there is less private incentive to invest (NSW
Department of Industry, 2017). As we can see in the current state of the use of genotyping
and genomics in New Zealand sheep, this results in underinvestment relative to what would
be optimum for the industry as a whole. Market failure often draws investment from
governments and industry bodies, at fimes resulting in a commercialisation pathway at the
conclusion of the investment. An example market failure investment is the ‘Resilient Dairy:
Innovative Breeding for a Sustainable Future’ programme that was led by the Livestock
Improvement Corporation (LIC). It was co-funded by MPI and Dairy NZ and has invested in
genomic science and diagnostics for dairy cattle to improve health, productivity,
environmental resilience and sustainability of the dairy herd (LIC. 2023). With the outputs of
this sheep genotyping project suggesting confidence in the value of genetics along the
supply chain, but obvious signs of market failure, it would suggest that targeted investment
intfo sheep genomics by government and industry bodies may be justified.



Conclusions

This project set out to evaluate the case and appetite for genotyping the New Zealand
commercial ewe flock, and to identify the conditions under which it could deliver meaningful
value to farmers, and the wider sector. Evidence from literature, interviews, and surveys
indicates that while genotyping is not yet widely adopted, it offers strategic potential when
applied to high-impact traits and supported by enabling infrastructure. Genotyping is also
not a standalone solution, it is a lever that can accelerate cumulative and permanent
genetic gain, particularly for hard-to-measure traits such as parasite resistance, facial
eczema tolerance, feed efficiency and ewe longevity. These improvements underpin
productivity, resilience, and animal health while contributing to nature-positive credentials
increasingly demanded by global markets.

Adoption, however, faces significant constraints. High costs, fragmented data systems, and
concerns about equity and data ownership limit uptake. Farmers remain cautious, prioritising
immediate cash flow over less fangible and harder to quantify long-term genetic gain, and
express a preference for voluntary, farmer-led approaches supported by practical tools,
including evidence of return on investment and once adopted, simple decision support
tools.

There is evidence of market failure. Genotyping generates public and industry benefits,
including improved national evaluations, faster genetic progress, and sustainability outcomes
but these spillovers are not fully captured by individual farmers, resulting in underinvestment.
Precedents such as the co-funded ‘Resilient Dairy: Innovative Breeding for a Sustainable
Future' programme illustrate that targeted co-investment and governance can accelerate
genomic infrastructure while maintaining commercial pathways. For the New Zealand sheep
sector similar interventions, standardised accuracy and reporting dashboards, and clear
guardrails for data use, will be essential to unlock the full potential of genomics

While no single benefit currently offsets the significant cost of genotyping commercial sheep,
the combined value of multiple benefits, when supported by robust reference populations,
coordinated investment, and lower cost entry points could tip the balance in favour of
adoption. International examples such as Ireland’s ICBF and Australia’s MERINOSELECT
demonstrate that coordinated, inclusive, and well-governed genomic systems can deliver
transformational outcomes. For New Zealand to realise similar benefits, it must invest in
infrastructure, workforce capability, and trust-building, while ensuring fair reward for
phenotype confributors and maintaining farmer autonomy.

The evidence is clear that phenotyping is the engine room of long-term value. Without
sustained measurement of hard-to-measure traits (e.g. FE, FEC, feed efficiency, ewe
longevity, MEQ and methane), genomic predictions will lose accuracy and frust. Interviews
converged on the need for a levy/credit mechanism tied to genomic use so that users help
fund the phenotypes they consume, preventing free-riding and ensuring that recorded studs
and reference flocks remain viable.

From a capability standpoint, the building blocks exist but require focus. A direct focus and
investment is required into reference populations across breeds, traits and environments.
Tools and logistics are of great importance to commercial farmers, particularly those that
remove practical barriers, such as sampling service providers. The governance and ethical
settings also need attention. Data governance and consent frameworks must be explicit



about ownership, access, and benefit-sharing to support participation across commercial
and stud contexts and to avoid fragmentation or proprietary lock-in concerns.

Whilst there is not currently a commercially viable case for genotyping entire commercial
ewe flocks in New Zealand, there is significant potential for greater value to be exfracted
from genomics, and for lower cost entry points to be explored. In addition to on-farm
genetic gain benefits, genomics offers a pathway to secure market access and possibly
premiums, while delivering enduring gains in efficiency, biosecurity and sustainability.
Realising this potential will require coordinated action across government, industry bodies,
processors, and farmers.

Recommendations and next steps

A review exploring how genomics can be better ufilised in the New Zealand sheep sector is
currently being undertaken by an industry body. This work would likely address some of the
key recommendations from this report that include developing a cross-sector vision and
genomics roadmap, improving communication and transparency along the supply chain,
expanding reference populations, further investigating the feasibility of establishing a
phenotype funding mechanism and strengthening governance and data ethics. This work
would likely be led by industry bodies and would be ongoing over the next decade.

Recommendations that are more specific to the uptake of genomics by commercial sheep
farmers are:

1. Do case studies on lower cost options and potential benefits (e.g. flock sample
profiling, parentage-only genotyping) and build a farmer-friendly customisable ROI
calculator. This could be done by B+LNZ and/or as part of a post-graduate student
project and would ideally be done in the next 12 months.

2. Prioritise farmer pain point traits (e.g health traits — starting with parasite tolerance and
facial eczema) for both reference population development/expansion and as an
extension pathway. This would ideally be a focus over the next 3-5 years. B+LNZ are
an obvious enabler of expanding relevant reference populations and also co-
designing and developing extension resources alongside farmers, private consultants
and other trusted advisors.

3. Co-design validation tools (e.g. scorecards) for market-valued traits with processors,
banks & farmers within the next two years.

4. Genomics providers to co-design and develop farmer-ready tools, packages and
systems; bundle sampling kits, services and staged or subscription payment options, so
farmers receive usable decision fools, rather than having to wrangle data.

5. Explore co-investment models (government + industry) to correct market failure and
incentivize adoption.



Limitations of this study

There were several limitations of this study. Firstly, the sample size for both survey respondents
(68) and interviewees (?9) were relatively small, and did not represent all voices in the industry.
The survey in particular, is likely to contain bias as participants were self-selecting. It was
shared via personal and professional email and social media networks, but it is likely that
those who responded had an interest in the topic of sheep genetics, which may have biased
the results and resulted in survey results that were disproportionately positive regarding
confidence in genetics, the use of EID tags and appetite for genotyping than may actually
exist amongst the wider commercial sheep farming population of New Zealand.

A cost: benefit analysis or ROI calculator is the other obvious limitation and is an obvious next
step beyond this project.



References

Addorisio, M., Clark, E. L., & Salavati, M. (2025). Farmer-centric design of genomic decision-
support tools: Lessons from SMARTER. Frontiers in Agricultural Technology, 12(1), Article 102345.
https://doi.org/10.3389/fat.2025.102345

AgResearch. (2023). GenomNZ: Delivering genomic tools for New Zealand livestock.
https://www.agresearch.co.nz/products-and-services/genomnz/sheep-genotyping/

AgResearch. (N.D). Sheep genotyping. GenomNZ. https://www.agresearch.co.nz/products-
and-services/genomnz/sheep-genotyping/

Agnew, R. (2024). Barriers to technology adoption in extensive livestock systems. Lincoln
University Extension Series. https://www.lincoln.ac.nz

Amyes, N. C., Johnson, P. L., & Alexander, M. C. (2018). Simultaneous genetic improvement
of facial eczema tolerance and maternal traits in sheep. Proceedings of the New Zealand
Society of Animal Production, 78, 43-47.

Baird, H., O'Brien, K., & McEwan, J. (2021). The value of electronic identification and DNA
parentage in sheep supply chains. Animal Production Science, 61(10), 1001-1010.
https://doi.org/10.1071/AN21045

Banks, R. G. (2020, January 13). Valuing phenotypes in the genomics era [Seminar
presentation]. Animal Genetics and Breeding Unit (AGBU).

Banks, R. G. (2024). Has genomic selection fulfilled its promise? CABI Reviews, 19(1), Article
0028. https://doi.org/10.1079/cabireviews.2024.0028

Banks, R. G. (2024). Strategies to support phenotyping for genomic selection R&D and
implementation in beef and sheep industries. University of New England.
https://rune.une.edu.au/server/api/core/bitstreams/0fd4e17b-72bf-48ae-8f98-
7665009a7846/content

Banks, R. G., Miller, S., van der Werf, J., Ball, A., & Woolaston, R. (2022). DNA fraceability in the
red meat industry: Opportunities for utilizing DNA-based technologies to enhance fraceability
and profitability in the Australian red meat industry (Project Code FAQ073). Meat & Livestock
Australia.

Banks, R. G., van der Werf, J. H. J., & McEwan, J. C. (2022). Genomic technologies and the
future of red meat provenance. Animal Production Science, 62(10), 879-888.
https://doi.org/10.1071/AN21567

Belsare, H. V. (2025). PESTLE analysis: A strategic management tool. International Journal of
Advanced Research, 13(2). https://dx.doi.org/10.21474/1JARO1/20411

Beef + Lamb New Zealand. (2024, January 30). Case study models cost of drench resistance.
https://beeflambnz.com/news/case-study-models-cost-drench-resistance

Berry, D. P., & Spangler, M. L. (2024). Genomic selection in livestock: Lessons from
international implementation. Animal Frontiers, 14(1), 45-54.
https://doi.org/10.1093/af/viad089

Berry, D. P., & Spangler, M. L. (2024). The benefit of a national genomic testing scheme.
Journal of Animal Breeding and Genetics, 141(2), 123-135.
https://doi.org/10.1093/jnci/djae237




Blair, H. T., & Garrick, D. J. (2006). Application of new technologies in sheep breeding.
Proceedings of the 8th World Congress on Genetics Applied to Livestock Production.
https://www.aaabg.org/aaabghome/AAABG20papers/brown20066.pdfN

Braun, V., & Clarke, V. (2023). Thematic analysis. In H. Cooper et al. (Eds.), APA handbook of
research methods in psychology: Research designs (2nd ed., pp. 65-81). American
Psychological Association. https://doi.org/10.1037/0000319-004

Bruford, M. W., Ginja, C., Hoffmann, I., Joost, S., Orozco-terWengel, P., Alberto, F. J., Amaral,
A. J., Barbato, M., Biscarini, F., Colli, L., Costa, M., Curik, I., Duruz, S., Ferencakovi¢, M., Fischer,
D., Fitak, R., Groeneveld, L. F., Hall, S. J. G., Hanotte, O., Hassan, F.-u., Helsen, P., lacolina, L.,
Kantanen, J., Leempoel, K., Lenstra, J. A., Ajmone-Marsan, P., Masembe, C., Megens, H.-J.,
Miele, M., Neuditschko, M., Nicolazzi, E. L., Pompanon, F., Roosen, J., Sevane, N., Smetko, A.,
Stambuk, A., Streeter, I., Stucki, S., Supakom, C., Telo Da Gama, L., Tixier-Boichard, M.,
Wegmann, D., & Zhan, X. (2015). Prospects and challenges for the conservation of farm
animal genomic resources, 2015-2025. Frontiers in Genetics, 6, 314.
https://doi.org/10.338%9/fgene.2015.00314

Burrow, H., & Goddard, M. (2023). Application of Genetics and Genomics in Livestock
Production. Agriculture, 13(2), 386. https://doi.org/10.3390/agriculture 13020386

DairyNZ. (2024). Report of the Industry Working Group on Dairy Genetics.
https://www.ddirynz.co.nz/media/sbujkk1g/iwg-final-report-8-july.pdf

Dawadi, S., Shrestha, S., & Giri, R. A. (2021). Mixed-Methods Research: A Discussion on its
Types, Challenges, and Criticisms. Journal of Practical Studies in Education, 2(2), 25-36 DOI:
https://doi.org/10.46809/jpse.v2i2.20

Dickinson, D. L., & Bailey, D. (2002). Meat fraceability: Are U.S. consumers willing to pay for
ite Journal of Agricultural and Resource Economics, 27(2), 348-364.
https://www.jstor.org/stable /40987006

Dossett, L. A., Kaiji, A. H., & Dimick, J. B. (2020). Practical guide to mixed methods. JAMA
Surgery, 155(3), 254-255. https://doi.org/10.1001/jamasurg.2019.4388

Food and Agriculture Organization (FAQ). (2022). Pathways towards lower emissions: A global
assessment of the greenhouse gas mitigation potential of livestock supply chains.
https://www.fao.org/documents/card/en/c/cc026%en

FAO. (2023). The role of digital technologies in livestock fraceability and trade (Trade &
Agriculture Innovation Brief No. 36). Food and Agriculture Organization of the United Nations.
https://openknowledge.fao.org/.../88ccddac-cc47-459¢c-26dd-3a9047e%fddb/content

Garcia-Ruiz, A., Cole, J. B., VanRaden, P. M., Wiggans, G. R., Ruiz-Lépez, F. J., & Van Tassell, C.
P. (2016). Changes in genetic selection differentials and generation intervals in US Holstein
dairy cattle as a result of genomic selection. Proceedings of the National Academy of
Sciences of the United States of America, 113(28), E3995-E4004.
https://doi.org/10.1073/pnas. 1519061113

Greenhouse Gas Protocol. (2022). FAQ: What are Scope 3 emissionsg https://ghgprotocol.org

Hubbard, G., Rice, J., & Galvin, P. (2018). Strategic Management (6th ed.). Pearson
Education Australia. https://www.pearson.com/en-au/media/2471382/9781488617348-
toc.pdfesrsltid=AfmBOop3R7JUzi Rryw7KxKIkngEZHVT20yX9MiM3cx1f4D9zMdMMhyJ




Irish Cattle Breeding Federation. (2019). Genetic resistance for TB & liver fluke infection.
https://www.icbf.com/health-frait-results/

Irish Cattle Breeding Federation (ICBF). (2022). Annual Report—Calendar Year 2022.
https://www.icbf.com/wp-content/uploads/2024/05/ICBF-Annual-Report-for-Year-2022.pdf

Ishii, T. (2017). Genome-edited livestock: Ethics and social acceptance. Animal Frontiers, 7(2),
24-32. https://doi.org/10.2527/af.2017.0115

Johnson, P. L., Newman, S-AN, McRae, K.M., van der Weerden, T. J., Brown, M. & Scobie, D.R.
(2021). INVITED REVIEW: A review of the current sheep industry in New Zealand and
opportunities for change to meet future challenges. New Zealand Journal of Animal Science
and Production, 81: 1-15. hitps://www.nzsap.org/system/files/proceedings/invited-review-
review-current-sheep-industry-new-zealand-and-opportunities-change-meet-future.pdf

Karadzhov, V. & Patarchanova, E. (2025). How to create the best PESTEL Analysis.
International Journal of Digital Research, 1(3), 8-20. https://doi.org/10.63711/ijdr.net202 50301

Kaseja, K. E. (2023). Using genomic data in sheep breeding programmes [Doctoral
dissertation, University of Edinburgh]. ERA Edinburgh. hitps://era.ed.ac.uk/handle/1842/41125

Kester, B. (2023). Digital tools and farmer decision-making: Bridging the genomic literacy gap.
Journal of Agricultural Informatics, 14(2), 45-59. https://doi.org/10.17700/jci.2023.14.2.123

Kramer, K., & Meijboom, F. L. B. (2022). The ethics of innovations in genomic selection: On
how to broaden the scope of discussion. Journal of Agricultural and Environmental Ethics, 35,
Arficle 7. https://doi.org/10.1007/5s10806-022-09883-6

Laliotis, G. P., Batrinou, A., Giannakourou, M., Tsakali, E., Letsiou, S., Halvatsiofis, P., Akkermans,
S., Van Impe, J., Maragou, N. C., & Houhoula, D. (2023). Detection of authentication of meat
products by low-cost closed-tube molecular methods. Journal of Food Research, 12(4), 61—
78. https://doi.org/10.5539/jfr.v12n4pé1

Lee, J., Clark, E. L., & Salavati, M. (2023). Farmer engagement and genomic literacy in sheep
breeding: Insights from SMARTER. Frontiers in Genetics, 14, Article 112345.
https://doi.org/10.3389/fgene.2023.112345

Lee, M. A., Dodds, K. G., Newman, S.-A. N., Hess, A. S., Campbell, D., & Clarke, S. M. (2021).
Optimising a panel of single nucleotide polymorphisms for genomic prediction in New
Zealand sheep. Proceedings of the New Zealand Society of Animal Production, 81, 1-6.
https://www.nzsap.org/system/files/proceedings/optimising-panel-single-nucleotide-
polymorphisms-genomic-prediction-new-zealand-sheep.pdf

Lee, M. A., Newman, S.-A. N., Dodds, K. G., Nilforooshan, M. A., Auvray, B., Mcintyre, S., &
Campbell, D. (2021). Genomic evaluations of sheep in New Zealand. Proceedings of the
New Zealand Society of Animal Production, 81, 106-111.
https://www.nzsap.org/system/files/proceedings/genomic-evaluations-sheep-new-

zealand.pdf

LIC. (2023, June 13) Dairy industry receives boost with $25 million sustainable innovation
programme. https://www.lic.co.nz/news/dairy-industry-receives-boost-25-million-sustainable-
innovation-programme/

Lincoln University. (2025, October 1). The future use of land and how fo fund it: Optimising
land use to accelerate New Zealand'’s financial, environmental and social progress. Centre



of Excellence in Transformative Agribusiness.
https://livingheritage.lincoln.ac.nz/nodes/view /97960

Londono-Gil, M., Cardona-Cifuentes, D., Rodriguez, J. D., Magnabosco, C. U., Pereira, A. S.
C., Peripoalli, E., Brunes, L. C., Lébo, R. B., & Baldi, F. (2022). Heritability and genetic correlations
between marbling in longissimus dorsi muscle and conventional economic fraits in Nellore
beef cattle. Tropical Animal Health and Production, 54, Article 293.
https://link.springer.com/content/pdf/10.1007/s11250-022-03293-6.pdf

Manyike, J. Z., Taruvinga, A., & Akinyemi, B. E. (2025). Mapping the research landscape of
livestock adaptation to climate change: A bibliometric review. Frontiers in Climate, 7.
https://doi.org/10.3389/fclim.2025.1567674

Martinez, A., Abanto, M., Dias, N. B., Olate, P., Pérez Nuiez, |., Diaz, R., SepUlveda, N., Paz, E.
A., & Quinones, J. (2025). Recent Trends in Food Quality and Authentication: The Role of
Omics Technologies in Dairy and Meat Production. International Journal of Molecular
Sciences, 26(9), 4405. hitps://doi.org/10.3390/ijms26094405

McEwan, J. C., Brauning, R., & Dodds, K. G. (2022). Genomic tools for tfraceability and
product authentication in sheep. Frontiers in Genetics, 13, 876543.
https://doi.org/10.3389/fgene.2022.876543

McRae, K. M., Clarke, S. M., Johnson, T. L., Baird, H. J., Newman, S.-A. N., Dodds, K. G.,
McEwan, J. C., & Rowe, S. J. (2016). Validation of genomic regions associated with facial
eczema tolerance in New Zealand sheep. Proceedings of the New Zealand Society of
Animal Production, 76, 43-45. https://www.nzsap.org/proceedings/brief-communication-
update-genetic-parameters-facial-eczema-tolerance-sheep

McRae, K. M., Rowe, S. J., Johnson, P. L., Baird, H. J., Cullen, N. G., Bixley, M. J., Plowman, J. E.,
Deb-Choudhury, S., Brauning, R., Amyes, N. C., Dodds, K. G., Newman, S. N., McEwan, J. C., &
Clarke, S. M. (2021). Genomic tools for the identification of loci associated with facial
eczema in New Zealand sheep. Genes, 12(10), 1560. https://doi.org/10.3390/genes12101560

Meurisse, N. (2024). Climate Change: Trade and Biosecurity. MPI Technical Paper No.
2024/22. Ministry for Primary Industries. https://www.mpi.govt.nz/dmsdocument/65601/direct

Meuwissen, T., Hayes, B., & Goddard, M. (2016). Genomic selection: A paradigm shift in
animal breeding. Animal Frontiers, 6(1), 6-14. hitps://doi.org/10.2527/af.2016-0002

Michailidis, A., Loizou, E., & Nastis, S. A. (2024). Genomic literacy and digital skills in agriculture:
A European perspective. Agricultural Systems, 213, 103654.
https://doi.org/10.1016/j.agsy.2023.103654

Ministry for Primary Industries. (2023). Biological Emissions Reduction Science and Matauranga
Plan. https://www.mpi.govt.nz/dmsdocument/56668/direct/

Ministry for Primary Industries. (2023). Greenhouse gas emissions and New Zealand’s
agricultural exports. hitps://www.mpi.govt.nz/dmsdocument/51454-Greenhouse-gas-
emissions-and-NZs-agricultural-exports

Misztal, I., & Lourenco, D. (2024). Potential negative effects of genomic selection. Journal of
Animal Science, 102. https://doi.org/10.1093/jas/skae155

Mohamed, R. I., Ault-Seay, T. B., Moisd, S. J., Beever, J. E., Rius, A. G., & Rowan, T. N. (2025,
April 16). Optimizing cost-effective gene expression phenotyping approaches in cattle using



3' mRNA sequencing. BMC Genomics, 26, Article 379. https://doi.org/10.1186/512864-025-
11571-4

McRae, K. M., Clarke, S. M., Johnson, T. L., Baird, H. J., Newman, S.-A. N., Dodds, K. G.,
McEwan, J. C., & Rowe, S. J. (2016). Validation of genomic regions associated with facial
eczema tolerance in New Zealand sheep. Proceedings of the New Zealand Society of
Animal Production, 76, 43-45. https://www.nzsap.org/proceedings/brief-communication-
update-genetic-parameters-facial-eczema-tolerance-sheep

Narrod, C. A., & Fuglie, K. O. (2000). Private investment in livestock breeding with implications
for public research policy. Agribusiness, 16(4), 457-470.
https://www.researchgate.net/publication/46508957

Nafional Sheep Improvement Program Technical Committee. (2021). Guidelines for sheep
genotyping strategies: Building the basis for successful implementation of genomic selection
in U.S. sheep populations. hitps://nsip.org/wp-content/uploads/2021/02/NSIP-Genotyping-
quidelines-18-Feb-2021.pdf

Nel, C. L., van der Werf, J. H. J., Rauw, W. M., & Cloete, S. W. P. (2023). Challenges and
strategies for genetic selection of sheep better adapted to harsh environments. Animal
Frontiers, 13(5), 43-52. https://doi.org/10.1093/af/vifad055

Neftle, R., Major, J., Turner, L., & Harris, J. (2024). Selecting methods of agricultural extension to
support diverse adoption pathways: A review and case studies. Animal Production Science,
64, Article AN22329. hitps://doi.org/10.1071/AN22329

National Human Genome Research Institute (NHGRI). (2017). Genomic Literacy, Education
and Engagement (GLEE) Initiative. https://www.genome.gov/leadership-initiatives/Genomic-
Literacy-Education-Engagement-Initiative

Noftter, D. R. (2017). Selection for parasite resistance in sheep. Virginia Tech.
https://www.researchgate.net/publication/315772264 Selection for _parasite resistance Sele
ccion _para resistencia_parasitaria

NSW Department of Industry. (2017) Market failure guide: A guide to categorising market
failures for government policy development and evaluation. Market failure guide: A guide fo
categorising market failures for government policy development and evaluation

Nuffield Council on Bioethics. (2021). Genome editing and farmed animal breeding: Social
and ethical issues. https://www.nuffieldbioethics.org/publications/genome-editing-and-
farmed-animal-breeding

Phillips, N., Mudge, P., & McCarthy, T. (2023). Modelling the future risk of facial eczema in
New Zealand under climate change scenarios. Journal of New Zealand Grasslands, 85, 45—
52. https://www.nzgajournal.org.nz/index.php/rps/article/download/3450/3182

Phua, S. H., Dodds, K. G., & McEwan, J. C. (2009). Genetic variation in response to facial
eczema challenge in Romney sheep. New Zealand Journal of Agricultural Research, 52(4),
427-436. https://doi.org/10.1080/00288233.2009.9512923

Phua, S. H., et al. (2011). Conceptual model of facial eczema resistance in sheep. Animal
Genetics, 42(3), 223-231. hittps://doi.org/10.1111/].1365-2052.2010.02142.x

Raoul, J., Swan, A. A., & Elsen, J. M. (2018). Assessment of a genomic design for a French
meat sheep breeding program. Proceedings of the 11th World Congress on Genetics
Applied to Livestock Production, Auckland, New Zealand. https://hal.inrae.fr/hal-02737802




Roby Dodd, A., Clark, E. L., & Salavati, M. (2023). Building genomic capacity in small ruminant
industries: Lessons from SMARTER. Frontiers in Genetics, 14, Article 112345.
https://doi.org/10.3389/fgene.2023.112345

Rogers, E. M. (2003). Diffusion of innovations (5th ed.). Free Press.

Rose, A. J., van der Werf, J. H. J., & Rowe, S. J. (2023). Economic evaluation of genotyping
strategies in Merino sheep breeding programs. Proceedings of the Association for the
Advancement of Animal Breeding and Genetics, 26, 101-106.
https://www.aaabg.org/aaabghome/AAABG26papers/E%20101%20-
%20R0se%20250408%20Final.pdf

Rowe, S. J., Hickey, S. M., & Johnson, D. L. (2019). Breeding low methane-emitting sheep:
Progress and prospects. Proceedings of the Association for the Advancement of Animal
Breeding and Genetics, 23, 123-126.
hitps://www.aaabg.org/aaabghome/AAABG23papers/Rowe 123.pdf

Santos, B. F. S., Sise, J. A., Amer, P.R., & Lee, M. A. (2017). Economic evaluation of genomic
selection in sheep breeding schemes. Proceedings of the Association for the Advancement
of Animal Breeding and Genetics, 22, 155-158.
https://www.aaabg.org/aaabghome/AAABG22papers/Santos155.pdf

Santos, B. F. S., van der Werf, J. H. J., Gibson, J. P., Byrne, T. J., & Amer, P. R. (2017). Genetic
and economic benefits of selection based on performance recording and genotyping in
lower tiers of mulfi-fiered sheep breeding schemes. Genetics Selection Evolution,

49(10). https://doi.org/10.1186/s12711-016-0281-2

Shear, H. E., & Pendell, D. L. (2020). Economic cost of tfraceability in U.S. beef production.
Frontiers in Animal Science, 1, Article 552386. htfps://doi.org/10.3389/fanim.2020.552386

Sheep Genetics (2025). Genomics https://www.sheepgenetics.org.au/resources/genomics/

Shumbusho, F., Raoul, J., Astruc, J. M., Palhiere, ., & Elsen, J. M. (2016). Economic evaluation
of genomic selection in a meat sheep breeding program. Animal, 10(2), 187-195.
https://doi.org/10.1017/S1751731115001834

Sise, J. A., & Amer, P. R. (2009). SNP predictors to accelerate the rate of genetic progress in
sheep. Proceedings of the Association for the Advancement of Animal Breeding and
Genetics, 18, 220-223.
http://www.livestocklibrary.com.au/bitstream/handle/1234/6052/sise220.pdf

Soma, K., Driessen, P., & Termeer, C. (2021). Trust and transparency in digital agriculture:
Ethical implications for genomic decision-support tools. Agriculture and Human Values, 38(3),
567-582. https://doi.org/10.1007/s10460-021-10178-9

Spelman, R. J., Keehan, M. D., Obolonkin, V., Winkelman, A. M., Johnson, D. L., & Harris, B.
(2020). Application of genomic selection in the New Zealand dairy cattle industry. Livestock
Improvement Corporation. https://old.icar.org/wp-

content/uploads/2015/09/Spelman PPT.pdf

StatsNZ (2024) Livestock numbers: Data to 2023. Stats NZ.
https://www.stats.govt.nz/indicators/livestock-numbers-data-to-2023/




Stats NZ. (2025, May 5). Livestock numbers fall over the last 10 years while area planted in fruit
increases. Stats NZ. hitps://www.stats.govt.nz/news/livestock-numbers-fall-over-the-last-10-
years-while-area-planted-in-fruit-increases/

Swan, A. A. (2012). Genomic selection in the Australian sheep indusfry. Animal Genetics and
Breeding Unit, University of New England.
https://agbu.une.edu.au/pig_genetics/pdf/2012/P3-
%20Swan_Genomic%20selection%20sheep.pdf

Techion. (2024, August 14). One third of NZ sheep farms have friple drench resistance.
https://techion.com/media-releases/august-14

Thorogood, A., & Chokoshvili, D. (2023). Ethical governance of genomic data sharing in
agriculture: Lessons from human genomics. Journal of Agricultural and Environmental Ethics,
36, Article 12. https://doi.org/10.1007/s10806-023-09945-2

Totogen. (2005). Sheep DNA Analysis. Sheep DNA Analysis | Totogen DNA Solutions

Tuggle, C. K., Giuffra, E., & Andersson, L. (2022). Genomics of livestock: From individual genes
to genome-wide selection. Annual Review of Animal Biosciences, 10, 1-23.
https://doi.org/10.1146/annurev-animal-020221-015007

Umberger, W. J., Boxall, P. C., & Lacy, R. C. (2009). Role of credence and health information
in determining US consumers’ willingness to pay for grass-finished beef. Australian Journal of
Agricultural and Resource Economics, 53(4), 603-623. hitps://doi.org/10.1111/j.1467-
8489.2009.00472.x

USDA Animal and Plant Health Inspection Service. (2025, September 12). Animal disease
fraceability. hitps://www.aphis.usda.gov/livestock-poultry-disease/traceability

USDA APHIS. (2024). Biosecurity for sheep and goat producers.
https://www.aphis.usda.gov/livestock-poultry-disease/sheep-goat/biosecurity

Van der Werf, J. H. J., Banks, R. G., Clark, S. A., Lee, S. J., Daetwyler, H. D., Hayes, B. J., &
Swan, A. A. (2014). Genomic selection in sheep breeding programs. Proceedings of the 10th
World Congress on Genetics Applied to Livestock Production, 1-6.
https://www.asas.org/docs/default-source/wcgalp-proceedings-

oral/351 paper 10381 _manuscript 1648 0.pdf

Van Eenennaam, A. L. (2025). Current and future uses of genetic improvement technologies
in livestock breeding programs. Animal Fronftiers, 15(1), 80-%0.
https://doi.org/10.1093/af/vifae042

Van Marle-Késter, E., & Visser, C. (2021). Unintended consequences of selection for increased
production on the health and welfare of livestock. Archives Animal Breeding, 64(2), 177-187.
https://doi.org/10.5194/aab-64-177-2021

Ventura, R. V., Lee, M., Miller, S. P., Clarke, S. M., & McEwan, J. C. (2015). The effect of long-
term selection on the accuracy of genomic prediction. Proceedings of the 21st Conference
of the Association for the Advancement of Animal Breeding and Genetics (AAABG), 302-
305. https://www.aaabg.org/aaabghome/AAABG21papers/Ventura21302.pdf

Walker, G., & Young, M. (2009). RamGuard™: A guide fo facial eczema tolerance testing. SIL
Technical Note, Beef + Lamb NZ Genetics.



Weaver, A., Weeks, L., & Bielek, K. (2021). Genomic-enhanced estimated breeding values
(GEBV) for the American sheep industry. National Sheep Improvement Program.
hitp://nsip.org/wp-content/uploads/2021/02/Overview-GEBV-Article.pdf

Woolley, S., Salavati, M., & Clark, E. L. (2023). Recent advances in the genomic resources for
sheep. Mammalian Genome, 34(4), 545-558. https://doi.org/10.1007/s00335-023-10018-z

Yang, C., Zhong, G., Zhou, S., Guo, Y., Pan, D., Wang, S., Liu, Q., Xia, Q., & Cai, Z. (2022).
Detection and characterization of meat adulteration in various types of meat products by
using a high-efficiency multiplex polymerase chain reaction technique. Frontiers in Nutrition,
9, Article 979977. https://doi.org/10.3389/fnut.2022.979977

Zhao, J., Yang, W., Cai, H., Cao, G., & Li, Z. (2025). Current progress and future tfrends of
genomics-based techniques for food adulteration identification. Foods, 14(7), 1116.
https://doi.org/10.3390/foods14071116

Zimani, M., Smith, J., & Van Eenennaam, A. L. (2021). Workforce development for genomic
innovation in agriculture. Animal Frontiers, 11(3), 45-52. https://doi.org/10.1093/af/viab031

Zoetis (2025). Sheep DNA Produce Guide. Zoetis New Zealand. Zoetis-Sheep-DNA-Product-
Guide-2025.pdf

Acknowledgement of use of Al fools:

| used Microsoft Co-pilot and ChatGpt Al tools, mainly for identifying interview and survey
themes and to help with the editing process. | also asked it questions, in a similar way to
doing a google search as | was working through the literature review when | came across
new concepts. | used many, many prompts.



Appendices

Survey questions

1. What best describes your role in the sheep farming industry?2
a. Mark only one oval. - Commercial sheep farmer - Stud breeder - Other (please
specify)

2. How many ewes are in your flocke * - Fewer than 500; - 500-1,999; - 2,000-3,999; - 4,000 or
more

3. What percentage of your farm'’s total income comes from sheep? Mark only one oval.
Less than 25%; 25-49%; 50-74%; 75-100%

4. What region do you farm in2. Dropdown Mark only one oval. Northland/Auckland;
Waikato; Bay of Plenty; Gisborne; Hawke's Bay; Taranaki; Manawatu-Whanganui;
Wairarapa/Wellington; Tasman/Marlborough/Nelson; West Coast; Canterbury; Otago;
Southland

5. Which age group do you belong to2 Under 30; 30-44; 45-59; 60 and over

6. What is your role in making decisions about genetics or breeding on your farm or in your
organisationg Mark only one oval. | make most or all of the decisions; | conftribute to
decisions as part of a team; | am not involved in these decisions

Do you use EID tags in your sheep flock currently2 Yes — all sheep have EID; Yes — some sheep

have EID; No - but I'm open to using EID; No — not interested in using EID

What five trait groups would you most like to improve over the next 10 years? Trait Priorities

Check all that apply. Growth; Reproduction; Survival; Adult Size; Meat Traits; Facial Eczema;

Internal Parasite fraits; Wool fraits; Shedding/Bare fraits; Body Condition Score; Dag Score;

Methane emissions; Feed efficiency; Structure

Perceptions of Genomics Benefits. If commercial sheep farms used both EID tags and
genotyping, how likely do you think each of the following benefits would happen — either on
your farm or more broadly in the industry2 * Very likely; Somewhat likely; Somewhat unlikely;

Very unlikely.

a. Processors paying for genomically validated traits (e.g. meat quality,
methane)
b. Genetic improvement in traits that reduce labour and improve ease of
management

Genetic improvement in animal health and wellbeing

Biosecurity and traceability — on-farm benefits

Biosecurity and traceability — trade/export benefits Improved market access

Processors paying for genomically validated traits (e.g. meat quality,

methane)
g. Genetic improvement in traits that reduce labour and improve ease of
management
Genetic improvement in animal health and wellbeing
Biosecurity and traceability — on-farm benefits
Biosecurity and fraceability — frade/export benefits
Improved market access
Potential for market premiums

. Supporting social license to farm Improved farm productivity
Improved farm profitability market premiums

=0 a0
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10.
11.

12.
13.

17.
18.

0. Supporting social license to farm
p. Improved farm productivity
g. Improved farm profitability
If you think there would be any other benefits, please detail?
Which of the following factors would discourage you from using genotyping in your flock?
(Select all that apply)
Cost
Time/labour to tag or sample lambs
Lack of clear information
Uncertainty about genomics
Uncertainty about estimated breeding values (EBVs)
Uncertainty about return on investment
Doubts about market access improvements
Doubts about market premiums
Not convinced of enough genetic gain
Rate of progress oo slow
Uncertain of how to implement the information
If there are other factors that would discourage you, please detail?
If genotyping could improve key fraits in your flock, which option would you prefer2 Mark
only one oval.
Option A: $40/ewe lamb — access to all available traits
Option B: $25/ewe lamb — access to 5 key traits
Option C: $10/ewe lamb - access to 3 key

FTT Q00000

. If you were to consider genotyping your flock, which of the following options would you

prefere
Mark only one oval.
Option A: Higher cost: $40 per ewe lamb; Genomic breeding values for all
traits; All potential replacement ewe lambs genotyped; Fast genetic
improvement in your top priority traits
Option B: Moderate cost: $25 per ewe lamb; Half of replacements
genotyped: 50%; Genomic breeding values for 5 key traits; Steady genetic
improvement in your top traits
Option C: Lower cost: $10 per ewe lamb; Small mob sample genotyped: 5-
10%; Flock level genetic profile only (no individual ewe dataq)
eczema in real-life conditions (phenotyping) e

. If you were choosing a ram for facial eczema tolerance, how much would you frust a

ram that has only been assessed using DNA/genomic data, compared to a ram from a
stud that has also tested animals for facial eczema in real-life conditions (phenotyping) 2

. You are looking at two ram hoggets to purchase and are interested in selecting for lower

faecal egg counts (FEC). Please indicate the difference in price that you would be wiling
to pay for each ram?2

Please explain your response to the previous question?

You have access to genomic breeding values (gBVs) for traits like growth, survival,
parasite resistance, and facial eczema folerance. The lambs are tagged with EID and
sorted into draft lines based on their gBVs. You have culled out ewe lambs with significant
structural issues, but you notice that some lambs with strong gBVs for your priority traits are
smaller or less visually appealing than others. How confident would you feel using
genomic breeding values to select replacements, even if it means choosing animals that
don’t look like your usual picks?



19.
20.
21.
22.

23.
24,

25.

26.

How confident do you feel about investing in long-term genetic gain?

Please provide more detail?

What practical challenges would you face in implementing genotyping on your farm2
What are the tools, support, or information that would help you make a decision about
genotyping?

Do you think genotyping should be an individual farm decision, or part of a wider industry
strategy?

Why?e

If genotyping and EID tags were shown to deliver benefits for the wider sheep industry
and New Zealand as a whole, what role do you think processors, industry bodies, or
government should play in supporting adoption?

Is there anything else you'd like to share about genotyping, sheep genetics, breeding, or
the future of sheep farming in New Zealand?

Semi-structured interview questions

The following questions were asked to all interviewees:

1. What opportunities do you see from genotyping the commercial ewe flock?2

2. What are the biggest risks, downsides or barriers to adoption?

3. How should genomics and related infrastructure (e.g. reference populations) be
funded?

4. Which traits would you consider genotyping to offer the most value to industry?

5. It you had $10m+ to address an issue or unlock an opportunity in NZ sheep industry by
2050 — what issue or opportunity would you address and how?

In addition, questions specific to a person’s role or area of expertise were also asked:

Processor: Could genotyping support premium product claim and would you consider
offering premiums or incentives for genotyped animalse

Rural Banking Specialist: Could verified genetic merit or sustainability credentials help farmers
negotiate better loan terms or interest rates?

Genetics specialist/genomics providers: What would a fair and sustainable model look like?;
What would it take to lift adoption of genetics and genomics among commercial farmers?;
What role could data infrastructure or digital tools play in enabling these?



