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State of Genomics Research in Livestock

In the previous century, technological advances like
artificial insemination (Foote, 2002) and best linear
unbiased prediction (Henderson, 1975) drove dramatic
improvements in livestock species. For example, milk
production has more than doubled (Abdallah and
McDaniell, 2000). These genetic advancements have
helped world farmers to generate more food more
efficiently to feed the global population. However, to
continue this trend additional improvements must be
made.

Since the turn of the century, we have witnessed some
dramatic changes in genetic improvement of livestock
species. The advent of having access to a sequenced/
assembled genome for species of interest has fueled
these advancements (Elsik et al., 2009; Groenen et al.,
2012; ICGS, 2004). The second major advancement
was the development of genomic selection technologies
(Meuwissen et al., 2001). Finally, genome editing has
great potential to alter what is possible (Kim, 2016).

For many species, their genome has been assembled
and annotated — Chicken (ICGS, 2004), Cattle (Elsik et
al.,2009) and Swine (Groenen et al., 2012). Technologies
have been developed to genotype 10’s of thousand of
variants in thousands of individuals — SNPchips. Because
of reference genomes and advances in sequencing
technology, variant discovery, primarily single nucleotide
variants and small insertions/deletions, is relatively easy.
For example, the 1000 bulls project has identified and
analyzed more than 25 million variants in cattle for
association with traits and a similar project in sheep
identified more than 46 million variants. These projects
have just begun to identify the genetic variation that
exists in livestock species.

For many years, marker assisted selection was
practiced, but it wasn’t until Meuwissen, Hayes and
Goddard (Meuwissen et al., 2001) proposed genomic
selection that real progress in genetic selection using
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molecular markers was even possible. Today, genomic
selection is being practiced in all livestock species
(Meuwissen et al., 2013). The dairy industry has
aggressively implemented genomic selection, with more
than 1 million head of Holstein being genotyped in the
United States. The dairy industry has gone as far as
performing ovum pickup in pre-pubertal heifers, and
genotyping in vitro fertilized embryos, to decide what
embryos to implant in recipients. Genomic selection has
dramatically decreased the generation interval in dairy
cattle. Another leap forward was with the implementation
of single-step GBLUP (Misztal et al., 2009), in which
genetic evaluation could utilise both genotyped and
un-genotyped individuals in a single analysis. It was
then possible to harness the power of both genomic
selection and traditional quantitative genetic evaluation.
Today, phenotypic not genotypic information is the rate
limiting step to genetic progress. The genomic tools are
in place. Now advancements in phenotype collection
need to occur to fully utilise the genetic potential of
livestock.

On-going Research Projects

The genome sequencing projects brought livestock
research communities together on a scale never seen
before. They ushered in the era of large collaborative
multi-disciplinary research projects designed to tackle
a problem larger than what one research lab could
undertake. These projects have become to some extent
the new norm. While there are more projects than can
be summarized here, a couple projects will be discussed
to high-light some unique aspects that they bring to the
community.

The 1000 Bulls project (citation; http://
www.1000bullgenomes.com/) (Daetwylwe et al.,
2014) is the largest collaborative genome re-sequencing
project in livestock. Researchers from around the world
have re-sequenced more than 1,100 bulls. Variants
were discovered in each of these individuals using
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a common variant detection pipeline. Run4 data has
been imputed into more than 58,000 head and has been
used in the analysis of stature (hip height) (unpublished
results). Pooling of resources from across the world has
allowed a project of this scope to be conducted. Project
members have access to genotype information on all of
the re-sequenced individuals to date. This provided an
incredibly powerful resource for future research.

The Functional Annotation of Animal Genomes
project (FAANG: http://faang.org/; (Tuggle et al., 2016;
Andersson et al., 2015) aims to identify all functional
elements in animal genomes. This project seeks to
expand upon the human ENCODE (Consortium, 2012)
and modENCODE (Celniker et al., 2009) projects by
identifying functional elements throughout. More than
300 researchers world-wide are working to set standards
for sample collection, metadata, assays, bioinformatic
pipelines, and data integration. It is expected that this
project will have positive benefits on annotation of
genomes, understanding gene function and predictive
biology, which will continue to grow over time. This is
an example of pre-competitive research that will have
a powerful impact on biology.

The ADAPTmap project (http://www.
goatadaptmap.org/) is an international effort to
coordinate independent genomics based projects on
goats. It is interesting in that it involves coordination of
projects ranging from genomic selection for improved
milk production on commercial populations to surveying
of genetic diversity throughout the world. A goal of
the project is to disentangle the genetics of adaption of
goats throughout the world.

These projects and others like them will have
a positive impact on both scientific knowledge and
in meeting the challenge of feeding the world in the
future.

Traits of Interest

Traditionally, genetic improvement has focused on
easy to measure traits that have an economic impact
on livestock, e.g. yearling weight in beef, number of
eggs laid in chicken, milk yield in dairy cattle, growth
rate in swine to name a few. The impact of genetics
on these production traits cannot be under estimated,
for what has occurred in nothing short of incredible.
Furthermore, these production traits will continue to be
selected on well into the future.

Indian J. Plant Genet. Resour. 29(3): 382-384 (2016)

Unfortunately, elite genetics do not fair well
in many parts of the world. Selection for traits of
economic importance has adapted these animals to their
environment. In order to thrive in other environments
other adaptive traits need to be selected upon. Disease
resistance is a trait that could have a dramatic impact
upon livestock production world-wide. However, disease
resistance/susceptibility traits are not easy to measure.
What constitutes a sick animal? How do you objectively
measure incidence and severity? New technologies
are needed to drive genetic progress in these traits.
Unfortunately, the heritability of many disease resistance
trait is low, which means that selection for improvement
will be slow as well. Furthermore, the number of livestock
diseases that we know about continues to increase.
Taken together, disease resistance is a topic in need to
increased emphasis.

Climatic stress is one of the main limiting factors
of production efficiency in many areas of the world
and is expected to become even more of a limitation
due to climate changes associated with global warming.
Substantial differences in thermal tolerance exist among
breeds and among animals within breeds indicative
of opportunities to improve it by selection. However,
many of the physiological pathways underlying
thermotolerance are interconnected with metabolic
changes and nutrient partitioning resulting in suboptimal
productivity. Unfortunately, this is a trait that we do not
fully understand the metabolic/physiological mechanisms
at play, which makes it hard to know whether the right
phenotypic data is being collected. We have room for
a lot of improvement in this trait.

There are a myriad of other traits, e.g. feed efficiency,
green house gas production, reproduction to name only
a few, that the livestock industry needs to select for
improvement. Many of these traits are hard to measure
and as a result are costly to measure. Thus, there is a
real need to invest in development of new measurement
technologies to take what is hard and expensive to
measure today to become cost-effective in the future.

Limitations to Genetic Progress and Conservation
of Genetic Diversity

In many parts of the world, the basic infrastructure
needed for genetic progress just does not exist. In many
places, it is not possible to measure a trait of interest
(e.g. no scale to collect an animal weight or no way
to cost effectively measure something like methane
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production), record it (i.e. there is no organized data
recording site), and then use it in a genetic evaluation
(i.e. there is no organized genetic analysis provider;
e.g. a breed association). This all starts at the level of
the producer. There needs to be a basic understanding
of the economic benefit of genetic selection. Someone
can invest all they want into the newest latest genomic
technology, but unless a strong foundation for genetic
improvement is in place, real genetic progress throughout
the country will not take place. This is a fundamental
difference between livestock and plant species. Genetic
improvement of plant species can be accomplished
in limited locations and then improved seeds can be
distributed and rapidly deployed. In livestock, hundreds
of thousands of producers own the genetic resources. A
large percentage of them need to be actively involved
for genetic progress to occur. Generally in livestock,
genetic improvement has been implemented in larger
operations first. Then as the technology costs drop due
to volume application, smaller and smaller operations
can benefit. Smaller producer will be able to benefit
from the ability to have access to genetically superior
animals that they can breed their animals too.

The tools exist today in some species like cattle, pigs,
sheep, goat and chicken to utilise genomic technologies,
i.e. SNPchips, for conservation of genetic diversity. Most
of these resources have been used to large surveys of
the genetic diversity differences between breeds. Once
a breed has been characterised, these same SNPchips
can be used to minimise the inbreeding within a limited
population (Saura et al., 2013). Along with an estimate
of the effective population size of the breed, selective
breeding can be employed to minimise inbreeding
and maximise the potential to conserve the breed.
Unfortunately, this process is expensive requiring a
long-term investment in the conservation of that breed.
Thus, a well thought out breeding goal and plan need
to be in place to maximise the return on investment.

Conclusions

Many livestock species have a wealth of genomic and
quantitative genetic tools that can be used for genetic
improvement or conservation of genetic diversity.
Therefore, it is possible to accomplish most breeding
goals/plans if sufficient resources or economic
incentives are in place to drive them forward.
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