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1. The Value of Genetics and Genomics in Improving the Productivity and
Profitability of Livestock Enterprises

The delivery of genomic sequences for most livestock species over the past 10–15 years
has generated the potential to revolutionize livestock production globally, by providing
farmers with the ability to match individual animals to the requirements of rapidly changing
climates, production systems and markets. The technology which has had the greatest
impact to date is genomic selection [1]. Genomic selection uses information from a large
number of genetic markers or single nucleotide polymorphisms (SNPs) in conjunction with
measurements (phenotypes) of important traits in livestock and plants to estimate breeding
values, without requiring precise knowledge of where specific genes are located in the
genome. Since the principles of genomic selection were initially proposed in 2001, genomic
selection has been widely adopted in animal and plant breeding programs globally because
of its ability to improve selection accuracy, reduce phenotyping and generation intervals
and increase genetic gains. It has transformed the livestock and plant industries, as well
as delivered human health diagnostic applications, adding billions of dollars and strong
social and environmental benefits, particularly across the world’s higher income countries.

However, genomic selection also requires improvements to the discovery of causal
variations and genomic selection methodologies, greater efforts to overcome limitations
associated with lack of essential phenotypes for expensive or difficult-to-measure traits,
and the ongoing challenges with implementing genomic selection by smallholder livestock
farmers in low–middle income countries. This Special Issue examines some of these issues
to identify successes and ongoing limitations that must be overcome to achieve practical
applications and social, economic and environmental benefits for all livestock producers in
the future.

2. Review Process

All articles published in this Special Issue “Application of Genetics and Genomics in
Livestock Production” underwent peer review by independent subject matter experts in
the fields of livestock genetics and genomics.

3. Application of Genetics and Genomics to Livestock Production: Summary
of Articles
3.1. Discovery of Causal Variations for Economically Important Traits

Most of the economically important traits of livestock are complex or quantitative traits
under the control of hundreds or thousands of variants in the DNA sequence of individual
animals, as well as environmental factors. Identification of these causal variants would be
advantageous for genomic prediction and to understand the physiology and evolution of
important traits. It would also be advantageous for genome editing. However, because
the effect size of such causal variants is small and they are in linkage disequilibrium with
other DNA variants, they are also very difficult to identify. Meuwissen et al. [2] therefore
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reviewed the literature to evaluate eight types of evidence needed to identify causal variants.
They concluded that large and diverse samples of animals, accurate genotypes, multiple
phenotypes, annotation of genomic sites, comparisons across species, comparisons across
the genome, the physiological role of candidate genes and experimental mutation of the
candidate genomic site would all be needed in order to discover the causal variations for
the most economically important traits in livestock.

3.2. Improving Genomic Prediction Methodologies

In this Special Issue, a number of papers examined options aimed at improving
genomic prediction methodologies. McEwin et al. [3] examined the selection of the best
livestock candidates for high-density genotyping, with the aim of improving the accuracy
of imputing high-density genotypes from low-density SNP panels. They recommended the
use of relationship matrix data already available in routine BLUP and GBLUP analyses as
the starting point to obtain accurate sequence information.

Keele et al. [4] examined the use of pooling animals with extreme phenotypes to
improve the accuracy of genetic predictions and provide genetic evaluations for novel traits
at relatively low cost by exploiting large amounts of low-cost phenotypic data from animals
in the commercial sector without pedigree information.

Koivula et al. [5] acknowledged that, while genomic selection is widely used in dairy
cattle breeding, single-step models are rarely used in national dairy cattle evaluations.
Hence, they compared methods to build genomic and pedigree relationship matrices that
satisfied theoretical assumptions and overcome incompatibility issues.

Three additional papers [6–8] utilized a range of new and different ‘omics’ approaches
(e.g., functional genomics, transcriptomics, proteomics, and metabolomics) that target
specific genes to better understand gene regulation and function, and potentially, in the
future, to improve genomic predictions. Zhang et al. [9] detected positive selection and
introgression by runs of homozygosity in cattle.

3.3. Overcoming Limitations to Phenotypes for Expensive or Difficult-to-Measure Traits

Genomic selection is particularly useful for traits that are difficult to measure early in
the animal’s life. However, it can be difficult to set up a reference population for these traits.
This is particularly true for expensive, late-in-life or difficult-to-measure traits such as the
reproductive performance of breeding animals or traits reflecting an animal’s resistance or
tolerance to environmental stresses and diseases.

In this Special Issue, Bennett et al. [10] examined the potential for using genomic
information to measure bull prolificacy in multiple-sire breeding herds. They found that
the use of easy-to-measure traits such as bull age class and scrotal circumference accounted
for less than 5% of the variation, whereas simulated estimation of prolificacy by pooling
the DNA of calves was accurate and the addition of pooled cow DNA or actual genotypes
both increased the accuracy further.

Facy et al. [11] also examined alternative approaches to measuring cow reproductive
performance that might enable measurement to occur in a much shorter timeframe than
waiting many years before sufficient records of calving are available for use in genetic
improvement programs. They found that genetic correlations between days to calving for
first and mature cow joinings was moderate to high, though correlations across lactating
and non-lactating cows were close to zero. They recommended that for multi-parous cows,
lactating and non-lactating days to calving should be treated as separate traits, with the
traits most likely to maximize genetic gain being first joining days to calving, second joining
days to calving and lactating mature cow days to calving.

3.4. Implementing Genomic Selection Programs

Following the development of genomic selection in 2001 [1] and the very rapid de-
crease in costs of genotyping since then, genomic selection has now been implemented
across a wide range of livestock and plant species. Hence, Banks [12] undertook a survey
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of organizations involved in genetic improvement across species, countries and roles both
public and private. While there were differences across organizations in what were con-
sidered the most significant outcomes to date, both an increase in accuracy of breeding
values underpinning faster genetic gains and a re-balancing of genetic change to include
real progress in the difficult-to-measure traits were widely observed. Across organizations,
key learnings included the increased importance of investment in phenotyping and oppor-
tunities to evolve business models to engage directly with a wider range of stakeholders,
leading to significant increases in agricultural productivity, profitability and sustainability.

However, significant challenges still remain with the implementation of genomic
selection amongst smallholder livestock farmers in low–middle income countries. One of
the challenges is the impact of genotype–environment interactions across vastly different
production systems. Hence, Wahinya et al. [13] examined a range of breeding strategies
relevant to the progeny testing of dairy bulls across low-, medium- and high-production
systems in Kenya, using both phenotypic and genomic information. They found that
the optimal breeding strategy was to progeny test bulls within their separate production
systems using a combination of both phenotypic and genomic information.

A major consideration of genetic improvement programs in many low–middle income
countries is the need to not only achieve genetic gains but also to conserve local indigenous
livestock breeds. Widyas et al. [14] reviewed literature relevant to breeding beef cattle
grazed in tropical environments, particularly in Indonesia, with the aim of identifying new
breeding opportunities for cattle owned by Indonesian smallholder farmers while also
conserving unique local breeds. The review indicated that, despite the implementation of
extensive crossbreeding programs over several decades in Indonesia, no discernable genetic
improvement had been achieved. A single within-breed selection program focused on live
weight whilst ignoring all other productive and adaptive traits. The authors found that it
was unlikely that smallholder farmers could effectively manage crossbreeding programs
due to the management complexities required. However, establishing reference populations
of local cattle breeds or composites and using genomic selection to genetically improve
herds should be feasible, particularly if international collaborations could be established to
allow data-pooling across countries.

Finally, Burrow et al. [15] examined a wide range of ongoing challenges that limit
the implementation of genomic selection in low–middle income countries. They included:
the difficulties and expenses of effective phenotyping; the complex funding arrangements
for a limited number of essential reference populations in only a handful of countries;
the questions around the long-term sustainability of those livestock resource populations;
the lack of on-farm, laboratory and computing infrastructure; and the lack of researchers,
extension officers and others with appropriate expertise to implement these programs. They
proposed a range of possible solutions to these challenges and suggested an operational
framework to enable new resource populations to be established and genomic selection to
be implemented in low–middle income countries.

Author Contributions: Conceptualization, original draft preparation, review and editing; H.B. and
M.G. All authors have read and agreed to the published version of the manuscript.

Funding: No funding was provided for this Editorial. Funding details for the papers published in
this Special Issue are acknowledged in the individual manuscripts.

Acknowledgments: The authors would like to thank all manuscript contributors and peer reviewers
of this Special Issue of Agriculture.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Meuwissen, T.; Hayes, B.J.; Goddard, M.E. Prediction of total genetic value using genome-wide dense marker maps. Genetics

2001, 157, 1819–1829. [CrossRef] [PubMed]
2. Meuwissen, T.; Hayes, B.J.; Goddard, M.E. Identification of genomic variants causing variation in quantitative traits: A review.

Agriculture 2022, 12, 1713. [CrossRef]

http://doi.org/10.1093/genetics/157.4.1819
http://www.ncbi.nlm.nih.gov/pubmed/11290733
http://doi.org/10.3390/agriculture12101713


Agriculture 2023, 13, 386 4 of 4

3. McEwin, R.A.; Hebart, M.L.; Oakey, H.; Tearle, R.; Grose, J.; Popplewell, G.; Pitchford, W.S. Comparison of methods to select
candidates for high-density genotyping: Practical observations in a cattle breeding program. Agriculture 2022, 12, 276. [CrossRef]

4. Keele, J.; McDaneld, T.; Lawrence, T.; Jennings, J.; Kuehn, L. Estimation of pool construction and technical error. Agriculture 2021,
11, 1091. [CrossRef]

5. Koivula, M.; Strandén, I.; Aamand, G.P.; Mäntysaari, E.A. Accounting for missing pedigree information with single-step random
regression test-day models. Agriculture 2022, 12, 388. [CrossRef]

6. Huang, L.; Hu, Y.; Guo, Q.; Chang, G.; Bai, H. Time-course transcriptome landscape of bursa of Fabricius development and
degeneration in chickens. Agriculture 2022, 12, 1194. [CrossRef]

7. Ma, S.; Xu, X.; Wang, X.; Yang, Y.; Shi, Y.; Chen, Y. Comprehensive profiling of circular RNAs in goat dermal papilla cells and
prediction of their modulatory roles in hair growth. Agriculture 2022, 12, 1306. [CrossRef]

8. Zhao, M.; Wen, K.; Fan, X.; Sun, Q.; Jauregui, D.; Khogali, M.K.; Liu, L.; Geng, T.; Gong, D. OTUD7A Regulates Inflammation-
and Immune-Related Gene Expression in Goose Fatty Liver. Agriculture 2022, 12, 105. [CrossRef]

9. Zhang, Q.; Schönherz, A.A.; Lund, M.S.; Guldbrandtsen, B. Positive selection and adaptive introgression of haplotypes from Bos
indicus improve the modern Bos taurus cattle. Agriculture 2022, 12, 844. [CrossRef]

10. Bennett, G.; Keele, J.; Kuehn, L.; Snelling, W.; Dickey, A.; Light, D.; Cushman, R.; McDaneld, T. Using genomics to measure
phenomics: Repeatability of bull prolificacy in multiple-bull pastures. Agriculture 2022, 11, 603. [CrossRef]

11. Facy, M.L.; Hebart, M.L.; Oakey, H.; McEwin, R.A.; Pitchford, W.S. Genetic correlations between Days to Calving across joinings
and lactation status in a tropically adapted composite beef herd. Agriculture 2023, 13, 37. [CrossRef]

12. Banks, R. Evolution of genetics organisations’ strategies through the implementation of genomic selection: Learnings and
prospects. Agriculture 2022, 12, 1524. [CrossRef]

13. Wahinya, P.K.; Jeyaruban, G.M.; Swan, A.A.; van der Werf, J.H.J. Optimization of dairy cattle breeding programs with Genotype x
Environment interaction in Kenya. Agriculture 2022, 12, 1274. [CrossRef]

14. Widyas, N.; Widi, T.S.M.; Prastowo, S.; Sumantri, I.; Hayes, B.J.; Burrow, H.M. Promoting sustainable utilization and genetic
improvement of Indonesian local beef cattle breeds: A review. Agriculture 2022, 12, 1566. [CrossRef]

15. Burrow, H.M.; Mrode, R.; Mwai, A.O.; Coffey, M.P.; Hayes, B.J. Challenges and opportunities in applying genomic selection to
ruminants owned by smallholder farmers. Agriculture 2021, 11, 1172. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/agriculture12020276
http://doi.org/10.3390/agriculture11111091
http://doi.org/10.3390/agriculture12030388
http://doi.org/10.3390/agriculture12081194
http://doi.org/10.3390/agriculture12091306
http://doi.org/10.3390/agriculture12010105
http://doi.org/10.3390/agriculture12060844
http://doi.org/10.3390/agriculture11070603
http://doi.org/10.3390/agriculture13010037
http://doi.org/10.3390/agriculture12101524
http://doi.org/10.3390/agriculture12081274
http://doi.org/10.3390/agriculture12101566
http://doi.org/10.3390/agriculture11111172

	The Value of Genetics and Genomics in Improving the Productivity and Profitability of Livestock Enterprises 
	Review Process 
	Application of Genetics and Genomics to Livestock Production: Summaryof  Articles 
	Discovery of Causal Variations for Economically Important Traits 
	Improving Genomic Prediction Methodologies 
	Overcoming Limitations to Phenotypes for Expensive or Difficult-to-Measure Traits 
	Implementing Genomic Selection Programs 

	References

