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State of the Science: Livestock

Mike McGrew, Ph.D.
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Service, USDA
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Steve Kemp

Path to Commercialization for Genome Edited Animals

Tad Sonstegard, Ph.D.
President & CEO, Acceligen, USA

15’
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All Speakers
Moderator: Steve Kemp, PhD.
Program Leader, Livestock Genetics, ILRI

40’

rofessor Steve Kemp is Director of LiveGene – ILRI’s livestock Genetics Program - and Deputy
Director of The Centre For Tropical Livestock Genetics and Health. His research interest focus
on understanding the nature and genomic control of adaptation to the demanding and unique
environment faced by livestock in smallholder farming systems. Steve is particularly interested in
novel use of ‘big data’ approaches to extract information and provide feedback to allow farmers
and researchers to improve animal performance. For many years Steve has been part of a team
working on using GM approaches to achieve resistance to trypanosmomiasis in cattle and his team
performed the first cloning of a Kenya Boran bull.

Mike McGrew

M

ike McGrew is a senior lecturer at the Roslin Institute, part of the Royal Dick School of Veterinary
Studies at the University of Edinburgh.

My laboratory works on a type of stem cell, the germ cell, which produces the sperm and eggs of
birds. We want to develop novel ways to cryopreserve and resurrect avian species from frozen cells.
We also utilize a distinct culture system developed for avian primordial germ cells which allows
these cells to be expanded indefinitely in vitro. This has permitted us to establish germ cell lines for
in vitro and in vivo analysis. These lines are being used to investigate alternative methods for the
cryopreservation of avian species. We have developed genome editing to manipulate the genome
of cultured avian germ cells and to efficiently produce genome edited chicken and use these in our
efforts to cryopreserve and breed endangered bird species.

Lucilla Steinaa

L

ucilla Steinaa is Principal Scientist at International Livestock Research Institute. Lucilla obtained her
PhD in cellular immunology at University of Copenhagen. She has a background from the Danish
Biotech sector where she has worked as senior scientist and project leader in the area of vaccines
and therapeutic antibodies for human diseases for a period of 13 years. She moved to ILRI in 2009,
working on vaccine development for the cattle disease East Coast fever. Currently, she is leading the
generation of a vaccine against African swine fever, for which one of the approaches is to attenuate
the virus using gene editing. In a newly funded project, these efforts will be expanded to a more
complex pathogen, the apicomplexan parasite, Theileria parva, the causative agent for the cattle
disease East Coast fever, to simplify the vaccination and to omit the use of antibiotics in the current
infection-and-treatment method.

State of the Science: Veterinary Vaccines
State of the Science: Livestock
Genome editing technology has the potential to rapidly change how we select crops and animals
for breeding programmes. I will give a brief overview of the basic tools used to modify the genome
of animals, how we change or ‘edit’ the DNA and how this can help us to understand and improve
the genetics of livestock. I will describe the difficulties of applying these advances to poultry
and some of our recent breakthroughs in this area using surrogate hosts to carry genome edited
reproductive cells. Finally, I will discuss how these technologies can be applied in developing
countries.

Gene editing or genome editing of pathogens is increasingly gaining momentum as a means of
making veterinary vaccines, such as live attenuated vaccines by deleting or altering virulence
factors in a more rational fashion, compared to the standard passage attenuation strategy. Gene
editing has also been used for developing vectors for insertion of antigens from other pathogens,
where the vector in some cases only function as a vehicle, in other cases it may function as part of
a multivalent vaccine, something which may be part of a cheaper solution for farmers in low and
middle income countries.
A variety of technologies are in use for production of these modified pathogens, such as use
of CRISPR-Cas directly in infected cells, the use of synthetic biology, genome transplantation,
to mention a few, with the complexities of organisms ranging from bacteria and viruses to also
now include protozoa. These strategies have been taken up by the private sector, where several
GMO vaccines are in development and some are in use. An overview of the field will be given
exemplified with ongoing research efforts.

Diane Wray-Cahen

D

iane Wray-Cahen is the Senior Advisor for Animal Health and Production, and Animal Products for
the U.S. Department of Agriculture (USDA), Office of the Chief Scientist, where she is on detail from
the USDA Foreign Agricultural Service (FAS). At FAS, she serves as a Senior Science Advisor for animal
biotechnologies focusing on scientific and regulatory developments for agricultural innovations and their
potential impact on agricultural innovation and trade policy. She coordinates efforts with other likeminded countries to encourage informed and rational responses to new agricultural biotechnologies and
to promote science- and risk-based regulatory approaches that encourage agricultural innovation globally.
She collaborates with other officials and scientists on agricultural science policy, international outreach,
communication, and education regarding innovative agricultural technologies and associated issues,
including sustainable intensification.
Wray-Cahen received her B.S. and Ph.D. in animal science from Cornell University. Prior to moving into the
realm of science and trade policy, she spent over 16 years conducting swine and dairy cattle research in
the United States and the United Kingdom. Her research career focused on both agricultural applications
and development of swine biomedical models, encompassing a mix of basic and applied research. Dr.
Wray-Cahen was at U.S. Food and Drug administration for 8 years and also served as a lead scientist in
the US Pandemic Influenza and Emerging Diseases Program within Biomedical Advanced Research and
Development Authority. She has been a science advisor at USDA since 2010.

The Policy Environment around Genome Edited Animal Products
Animal scientists have made great scientific strides and genome edited livestock now have the potential
to play critical roles in addressing many challenges facing animal agriculture. Farmers need access to
a full range of safe options to address these challenges and to increase productivity while improving
sustainability. Global access to these tools for use in breeding of commercial stocks is uncertain.
Regulations are important for protecting public health and safety. The regulatory approach and how
it is applied or implemented also shapes what products are developed and who can afford to develop
and use technologies. The regulatory landscape for genome editing has been evolving rapidly over the
past five years, with countries around the world examining their regulatory triggers and reflecting on
whether certain products of genome editing fall outside of their “GMO” definitions. Some focus on a
product’s characteristics, rather than method of creation, where animals that could have been created
via conventional breeding are subject to the same food safety regulations as conventional animals.
Differing domestic regulatory approaches for products derived from genome editing create potential
trade issues that could impede innovation. Some governments have committed to engaging in policy
dialogs on regulatory frameworks and global regulatory compatibility to encourage cooperation, including
the exploring of opportunities for regulatory and policy alignment. Government policies must encourage
scientific innovation to provide effective choices. Denying access to tools moves us backward. We need
to move forward if we seek to attain greater sustainability and resiliency in animal agriculture.
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Ross Houston

P

rofessor Houston leads a research programme on aquaculture genetics at The Roslin Institute, with
a focus on selective breeding and genome editing technologies in aquaculture species. His primary
research interests include (i) development and application of genomic tools for aquaculture species,
including sequencing and functional annotation of genomes; (ii) genomic selection for commercially
relevant traits in breeding programmes, with a focus on disease resistance; and (iii) optimising and
applying CRISPR/Cas9 genome editing in vitro and in vivo to pinpoint functional disease resistance alleles.
Professor Houston’s has been amongst the first to develop key underpinning genomic tools for several
major aquaculture species; for example high density single nucleotide polymorphism arrays for Atlantic
salmon, Pacific oyster and Nile tilapia. He has also studied genomic selection for several fish and shellfish
species, including studying genotype imputation approaches improve cost-efficiency. His discovery of
a major quantitative trait locus explaining almost all the genetic variation in resistance to Infectious
Pancreatic Necrosis in salmon has been widely applied in the salmon breeding industry to control this
disease. He has a leading role in the functional annotation of salmonid genomes (the FAASG initiative), and
is involved in major European projects to apply genomic tools to improve disease resistance. He has led
studies to optimise CRISPR/Cas genome editing in salmonid cell lines and embryos, and is applying these
tools to understand and improve disease resistance.

State of the Science: Aquaculture
Aquaculture is the fastest growing food production sector globally, and is becoming the primary
source of seafood for human diets. Genetic improvement of aquaculture species via selective breeding
programs holds substantial potential to improve production, but progress is limited by the heritability
of the trait and generation interval of the species. New breeding technologies, such as genome
editing using CRISPR/Cas are powerful tools for both aquaculture research and ultimately to expedite
sustainable genetic improvement in aquaculture production. Genome editing can rapidly introduce
favourable changes to the genome, such as fixing alleles at existing trait loci, creating de novo alleles,
or introducing alleles from other strains or species. The high fecundity and external fertilization of
most aquaculture species can facilitate genome editing for research and application at a scale that is
not possible in farmed terrestrial animals. This presentation will highlight this potential and provide
examples of CRISPR/Cas development and application to study and improve disease resistance.
Possibilities and routes to commercial application to tackle aquaculture production barriers will be
discussed.

Tad Sonstegard

T

ad Sonstegard is currently Chief Executive Officer of Acceligen, a wholly owned subsidiary of
Recombinetics, where he leads both business and research efforts dedicated to food animal
improvement through precision breeding. The main focus is deployment of traits through gene editing
that fill gaps in animal breeding for sustainable production and animal well-being. Previous to 2015, he
led a livestock genomics research program at the USDA, ARS Beltsville that delivered many applications
in germplasm conservation and genetic improvement for livestock including the first commercially
successful, ag-based SNP tool. He also identified causative variation affecting fertility and thermotolerance in cattle and has led consortia to generate genome assemblies of the water buffalo, goat,
Zebu cattle, and an expression atlas of cattle. Sonstegard received his undergraduate degree from Iowa
State University and his Ph.D. from the University of Minnesota. His has published 219 peer-reviewed
articles and has received award recognition for his work in genomic research for livestock genetic
improvement.
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Path to Commercialization for Genome Edited Animals
Genome editing in our genetic stocks of food animals has tremendous potential as a breeding method
best suited to introduce traits not readily available to current commercial breeders for genetic
improvement, especially those affecting animal well-being and adaptation to climate. Also, precision
breeding methods provide new opportunities in the marketplace with great potential for sustainable
genetic improvement in locations where animal protein production is more challenging. Two major
bottlenecks in commercialization of gene edited animals remain:
1) there is a dearth of causative sequence variants that have major effects for traits of relevance and
2) there are very few regulatory systems and supporting governments that understand the value to
risk relationship for this technology. To overcome these hurdles, we have built a trait pipeline for
commercialization that focuses on evaluating and using naturally occurring variation. The parameters
and challenges of working through this pipeline to make it through regulatory approval and
commercialization will be discussed, when the goal is to create widespread adoption of gene edited
animals based on market dependent values.

Grain Legumes and
Dryland Cereals
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