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Livestock Biotech: Overview
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Module view

Livestock biotechnology (biotech) encompasses a range of scientific techniques and technologies—such as genetic engineering, reproductive technologies, and advanced diagnostics—to improve the health, productivity, and management of farm animals. A steady increase in meat consumption is driving biotech innovations targeting productivity and efficiency improvements, while the prevalence of animal diseases underscores the need for biotech solutions to improve animal health and disease resistance. Biotech practices also aim to reduce the environmental footprint of livestock production. 

Progress in the livestock biotech space has been slow due to strict regulations and low public acceptance of genetically engineered or modified meat products. Barriers to trade and international market access, particularly in the EU, further complicate the expansion of livestock biotech products on a global scale.










Full view

Driving livestock productivity through next-gen biotech

Livestock biotech encompasses a range of scientific techniques and technologies aimed at improving the health, productivity, and management of farm animals. This field includes precision breeding, genetic engineering, next-generation vaccines and drugs, and feed additives. By advancing these technologies, livestock biotech holds the promise of increasing food supply, improving animal health and welfare, and reducing the environmental footprint of animal farming. 

Biotech in livestock space
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The livestock biotech ecosystem

	Segment
	Description
	Notable companies

	Precision breeding
	Genetic techniques are used to alter the DNA of animals more precisely than traditional breeding techniques. Techniques such as gender selection via sexed semen, genomic selection, or even gene editing methods like Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) are used to breed animals with superior genetic traits.
	Acceligen (A Recombinetics company), Genus

	Genetic engineering
	Solutions that edit (gene editing) or modify (gene modification) an animal's genome in a precise and targeted manner using methods such as Transcription Activator-Like Effector Nucleases (TALENs), CRISPR/Cas9, recombinant retroviruses, and sperm-mediated DNA transfer. The techniques change the existing genome to improve/express desired traits in livestock. The segment also covers companies that use an AI-based platform or otherwise to offer diagnostic testing services of the animal's genome that help livestock farmers identify genetic changes or diseases in herds.
	Recombinetics, Genus

	Next-generation vaccines and drugs
	Livestock-focused next-generation vaccines based on developments in DNA technology (e.g., mRNA vaccines) and biotech. The segment also includes medicines developed for the prevention and treatment of livestock diseases.
	Ceva Animal Health, Endovac Animal Health

	Biotech-enhanced feed additives
	Based on biotech principles, natural ingredients or biological additives can be added to animal feed to improve nutrient uptake and the gut microbiome.
	BioZyme, Phibro Animal Health


Source: SPEEDA Edge Research





As of May 2024, three genetically engineered food animal products had been made commercially available in the US. In addition, we count at least six products progressing through development stages, aiming for future commercialization. We note that progress has been slow, largely attributable to regulations and low public acceptance of genetically engineered or modified meat products (refer to the Risks section for more details). 


	Product
	Year of approval
	Description
	Company

	Atlantic salmon
	2015
	The first FDA approval for a genetically modified (GM) food animal was granted in 2015 for AquAdvantage's line of Atlantic salmon, which are engineered to reach market size in half the time of traditional salmon. 
	AquaBounty Technologies

	GalSafe pigs
	2020
	The FDA approved a genetic modification in pigs that removes a sugar molecule causing a rare human allergy; these GalSafe pigs are now available for both medical purposes and as meat.
	Revivicor

	Heat-resistant beef cattle
	2022
	The FDA granted its approval for gene-edited, short-haired, heat-tolerant beef cattle to be consumed by humans.

	Recombinetics


Source: Global Gene Editing Regulation Tracker

Key livestock biotech products/research in development 

	Product
	Description
	Companies/institutes involved

	Cows that deliver only male calves
	Developed using CRISPR
	University of California at Davis researchers

	Disease-resistant pigs
	This involves gene edits that result in pigs that lack a protein on their cell surfaces that enables entry of the Porcine Reproductive and Respiratory Syndrome (PRRS) virus
	Developed by Genus, a UK-based biotech company

Acceligen is also working on PRRS-resistant pigs using CRISPR

	Pigs that don’t need castration
	Developed using TALENs
	Developed by 
Recombinetics

	Hornless dairy cows
	Developed using TALENs
	Developed by Recombinetics

	Heat-tolerant cows
	Developed to withstand hot, humid weather
	Developed by Acceligen

	Disease-resistant cows
	Cows resistant to Bovine Respiratory Disease
	Genus licensed a specific gene editing technology developed by researchers at Washington State University


The list is not exhaustive
Source: Global Gene Editing Regulation Tracker


Advances in molecular biology and genetic engineering facilitate livestock biotech innovations

Advances in molecular biology and genetic engineering have been key enablers for the livestock biotech industry, transforming how livestock is bred, raised, and used. Techniques such as CRISPR and other gene-editing tools have allowed precise alterations in the genetic makeup of animals, facilitating the enhancement of desirable traits like disease resistance, productivity, and feed efficiency. Molecular diagnostics have improved our ability to identify and select optimal genetic traits, speeding up the breeding process that traditionally relied on generational turnover. 

Key gene engineering and editing techniques applied in livestock biotech

	Technique
	Description
	Applications
	Applicable segment/s
	Notable companies applying the technique

	Transcription Activator-Like Effector Nucleases (TALENs)
	TALENs is a type of gene editing technology that uses engineered proteins to bind to specific DNA sequences. These proteins are fused to a DNA-cutting nuclease, which allows precise cutting of the DNA at the desired location to add, remove, or modify genetic material.

	To modify various genes in livestock, including pigs and cattle. 

	Genetic Engineering
	Acceligen

	Zinc Finger Nucleases (ZFNs)
	ZFNs is a gene-editing tool that uses engineered zinc finger proteins to target specific DNA sequences. These proteins are linked to a DNA-cleaving enzyme, allowing targeted modifications to the genome.
	To produce hornless dairy cattle, eliminating the need for the painful dehorning process in dairy farms.
	Genetic Engineering
	Creative-Biolabs

	Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR/Cas9)
	CRISPR/Cas9 is currently the most advanced and widely used gene editing technology. It uses a guide RNA to direct the Cas9 enzyme to a specific location in the DNA where it makes a cut. This allows precise editing of the genome by adding, altering, or removing genetic material.
	To enhance disease resistance in pigs. E.g., pigs resistant to PRRS, a virus that causes severe respiratory problems in swine.
	Both Genetic Engineering and Precision Breeding
	Acceligen, Synthego

	Transgenics (GM Animals)
	Transgenics involve introducing foreign genetic material into the genome of an organism to express new traits, typically using vectors like viruses or plasmids to carry and insert the desired genes.
	A well-known example is the Enviropig, which was GM to produce phytase in its saliva. This alteration allows the pig to break down phytic acid in its feed, reducing the amount of phosphorus excreted in its manure, thereby lessening environmental pollution.
	Genetic Engineering
	Synthego, Dehns

	Whole Genome Sequencing (WGS)
	WGS involves reading the complete DNA sequence of an organism's genome at a single time. This allows the identification of genetic variants and linking of them to specific traits or diseases.
	Used in cattle to identify genetic markers associated with resistance to diseases like bovine tuberculosis or mastitis. This information helps in selective breeding programs aimed at enhancing disease resistance in herds.
	Both Genetic Engineering and Precision Breeding
	Novogene, Illumina, Lifeasibles, CD Genomics

	Single Nucleotide Polymorphism (SNP) Genotyping
	SNP genotyping is the measurement of genetic variations of single nucleotide polymorphisms between members of a species. 
	Genomic selection using SNPs is a new method for selecting the best breeding animals. Additionally, high-density maps created with SNPs provide valuable genetic tools for studying variations in quantitative traits.
	Both Genetic Engineering and Precision Breeding
	3CR Bioscience, Illumina, Thermo Fisher Scientific, CD Genomics

	Quantitative Trait Loci (QTL) Mapping
	QTL mapping is a statistical method that links certain traits, such as disease resistance or growth rate, to specific regions of the genome. This helps in identifying the genetic basis of complex traits.
	To identify regions in the pig genome that influence growth rate, fat deposition, and meat quality in order to breed pigs that are faster-growing and have better meat characteristics.
	Precision Breeding
	Illumina, CD Genomics

	Gene Expression Profiling
	This technique measures the activity of thousands of genes at once to create a global picture of cellular function to identify which genes are active in an animal under certain conditions and how this changes in response to various factors like disease.
	In poultry, gene expression profiling has been used to understand immune responses to avian influenza. This helps in breeding programs aiming to produce chickens more resistant to the flu.

	Both Genetic Engineering and Precision Breeding
	Thermo Fisher Scientific


	Comparative Genomic Hybridization (CGH)
	CGH is a method to analyze the differences in DNA content and gene copy number variations between different genomes. This can highlight gains or losses of chromosome segments, which may influence important traits.
	CGH has been used in cattle to identify copy number variations associated with traits such as milk production and disease resistance, helping to select animals that will produce more milk or are less susceptible to diseases.
	Precision Breeding
	Creative Bioarray


Source: SPEEDA Edge

Next-generation vaccines and drugs also play a notable role in enhancing animal health and productivity by providing more effective, targeted protection against diseases. Using advanced biotechnological techniques, these innovations improve immune responses, offer alternatives to traditional antibiotics, and combat antimicrobial resistance. These advancements lead to healthier livestock, increased agricultural productivity, and improved food security while promoting sustainable farming practices.

Key types of next-generation vaccines and drugs used in livestock biotech

	Technique
	Description
	Applications
	Companies applying the technique

	DNA Vaccines
	DNA vaccines involve injecting genetic material (DNA) encoding the antigen(s) against which an immune response is sought. The host animal’s cells produce the antigen, which stimulates the immune system to recognize and fight the real pathogen.

	DNA vaccines have been developed for infectious diseases in fish, such as the Infectious Hematopoietic Necrosis Virus in salmon.
	Mazen Animal Health

	Recombinant Vector Vaccines
	These vaccines use an attenuated virus or bacterium to deliver pieces of the pathogen DNA into cells. The vector expresses these antigens in a way that mimics a natural infection, thus enhancing the immune response.
	It has been used to protect poultry from avian influenza.
	Ceva Animal Health, Zoetis

	Subunit Vaccines
	Subunit vaccines include only the essential antigens and not all the other molecules that make up the pathogen. This approach can reduce side effects and avoid the introduction of live pathogens into the vaccine.


	The use of subunit vaccines is prevalent in the swine industry, such as those developed for Porcine Circovirus Type 2, helping to prevent associated diseases without the risk of vaccine-induced infections.
	CD Biosciences

	Antimicrobial Peptides (AMPs)
	AMPs are a class of naturally occurring molecules that have potent antimicrobial properties, often with less risk of developing resistance compared to traditional antibiotics.
	Researchers are exploring using AMPs to treat bacterial infections in livestock, such as mastitis in dairy cows, which is traditionally treated with antibiotics.
	Peptobiotics, Lifeasibles

	Monoclonal Antibodies (mAbs)
	Monoclonal antibodies are antibodies made by identical immune cells that are clones of a unique parent cell. They can be designed to target specific pathogens or affected cells in an animal, offering precision therapy with high specificity.
	Monoclonal antibodies are used to treat diseases like Bovine Respiratory Disease (BRD) in cattle, targeting specific pathogens or inflammatory processes involved in the disease.
	Animab, Bio-Rad


Source: SPEEDA Edge




[bookmark: _4k8nh61wg2rl]Driving factors

1. Steady increase in meat consumption 

The US Department of Agriculture (USDA) projects domestic per capita meat consumption (red meat and poultry) to increase at a CAGR of 0.4% over 2023–2033 (from ~226 pounds in 2023 to ~235 pounds in 2033). US exports of major meats are also projected to grow at a CAGR of 1.9% (from around 17.6 billion pounds in 2023 to about 21.1 billion pounds in 2033). Livestock biotech can improve meat quality and production efficiency, addressing this increasing consumer demand.

[image: ]
Source: USDA
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2. Prevalence of animal diseases and related economic losses 

According to the World Organisation for Animal Health (WOAH), one in five farm animals are lost due to diseases each year, while many more suffer from illnesses. Biotech, in turn, provides tools for better disease resistance in animals and is crucial due to livestock diseases’ significant economic impact.

A prominent example is BRD, a pneumonia-like illness that affects 16.5%–21% of beef cattle in US feedlots. Despite nearly 90% of feedlot cattle receiving respiratory vaccines, BRD accounts for 45%–55% of all feedlot mortality and hampers growth rates. To enhance disease control, researchers have experimented with gene editing to modify the protein targeted by the primary pathogen causing BRD, Mannheimia (Pasteurella) haemolytica. Studies have demonstrated that the edited protein is completely resistant to the pathogen’s destructive mechanisms.

Similarly, bovine viral diarrhea virus (BVDV) causes significant losses in cattle globally, and its control could help reduce BRD rates. BVDV can infect calves in utero, leading to miscarriages, congenital defects, and calves that perpetually spread the virus. Around 80% of cows infected with BVDV early in pregnancy lose their calves, and 50% of persistently infected calves die. In response, US researchers altered the protein BVDV uses to bind to its host. This led to the creation of a gene-edited calf named Ginger, who exhibited a markedly reduced vulnerability to the virus.

Moreover, the WOAH estimates that around five new livestock diseases emerge every year, and, of these, 75% can be passed on to humans. The US Centers for Disease Control and Prevention estimates that enteric diseases linked to animals or their environments cause 450,000 illnesses, 5,000 hospitalizations, and 76 deaths in the US annually.


3. The need to reduce livestock emissions

In 2022, agricultural activities, including livestock, accounted for ~10% of US greenhouse gas (GHG) emissions. Ruminants like cattle naturally produce methane (CH4) during their digestive process, known as enteric fermentation, constituting more than a quarter of the agriculture sector's GHG emissions. Additionally, the management of livestock manure contributes to emissions of CH4 and nitrous oxide (N2O), making up ~14% of GHG emissions from the agriculture sector in the US.

Techniques such as genetic editing have been developed to create animals that emit lower levels of methane, phosphorus, and other pollutants, contributing to sustainability efforts. For example, in Canada, "Enviropig'' is the registered name for a genetically engineered pig designed to excrete less phosphorous in its waste. Developed by researchers at the University of Guelph in Ontario, Enviropig is expected to become the first GM food animal to enter the market. The aim of the new GM Enviropig is to help intensive livestock operations (often known as factory farms) reduce pollution from phosphorus. Research indicates that the feces from Enviropig could contain between 30% and 70%% less phosphorus.

Biotech in disease control can also boost environmental sustainability. Fewer livestock losses from diseases increases stock availability and decreases the number of animals needed for production, thus lowering GHG emissions. A 2023 global analysis by the Breakthrough Institute revealed that reducing global livestock disease rates by 10% within a year could decrease carbon dioxide-equivalent (CO2e) emissions by 800 MMT globally (~2% of total global emissions in 2023). 

The institute further models that 100% genetic engineering penetration in cattle could reduce global emissions by over 9 MMT CO2e (0.03% of total global emissions in 2023). The study considered BRD, BVDV, and Mastitis.



Modeled reductions in GHG emissions from genetically engineered cattle under various genetic engineering adoption scenarios for US beef and dairy herds
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Source: The Breakthrough Institute

4. Focus on productivity and efficiency improvements in livestock

Through genetic editing and biotechnological interventions, livestock can be selectively bred to exhibit traits that lead to faster growth rates, increased milk yield, and enhanced disease resistance. For instance, genetically engineered cattle can be made more resistant to common illnesses such as bovine respiratory disease, reducing mortality rates and veterinary costs, thereby improving herd productivity. Additionally, modifications like those seen in the Enviropig allow animals to digest nutrients more efficiently, reducing feed costs and minimizing the environmental impact of waste by lowering harmful emissions like phosphorus. Such innovations not only streamline operational efficiency but also contribute to sustainable farming practices by optimizing resource use and decreasing the ecological footprint of livestock production. 

Some examples of productivity gains through the application of livestock biotech are as follows:

· In a research project focused on developing higher-quality meat, scientists edited the myostatin (MSTN) gene, known for restricting muscle growth, in cattle using TALENs and somatic cell nuclear transfer (SCNT). This led to the successful birth of cattle with enhanced muscle mass in 2015. Furthermore, in 2022, the CRISPR/Cas9 technique was employed to create MSTN mutations in in vitro fertilized embryos, successfully yielding beef cattle that exhibited increased muscle mass.

· In 2015, cloned pigs with mutations in the MSTN gene were successfully produced using ZFNs, followed by the use of TALENs in 2016 and CRISPR/Cas9 in 2017. In addition to relatively high muscle mass, these pigs with MSTN mutation showed improved productivity. 

· In 2016, a goat exhibiting a mutation in the MSTN gene was created using SCNT and TALENs, resulting in increased productivity. Additionally, a 2015 study in Uruguay successfully employed microinjection techniques to produce a sheep with enhanced muscle mass.




Risks to growth

1. The industry is highly regulated

The livestock biotech industry in the US is highly regulated to ensure the safety, efficacy, and ethical treatment of animals as well as to address public health concerns. Gene-edited animals are strictly regulated, and new drugs require extensive testing and approval. US federal agencies, including the USDA, the FDA, and the Environmental Protection Agency (EPA), impose premarket regulations on biotech products that are not applied to conventionally bred products. These regulations assess the risks of genetically engineered products to humans, animals, and the environment before they are allowed to enter the market. 

Key regulations/frameworks applicable to the industry

	Regulation
	Administered by
	Description

	The Federal Food, Drug, and Cosmetic Act (FD&C Act), 1938
	FDA
	A new animal drug (which includes genetically altered animals) may not be sold into interstate commerce unless it has obtained an approved new animal drug application (NADA), abbreviated NADA (ANADA), or a conditional approval (CNADA) is in effect through the process for Investigational New Animal Drug (INAD) applications.

	Animal Health and Protection Act, 1989
	USDA’s Animal and Plant Health Inspection Service (APHIS)
	The Act gives the APHIS power to regulate the movement and environmental release of genetically engineered livestock. The statute applies narrowly to genetic modifications that may cause livestock diseases or pest problems and only covers the importation and interstate movement of genetically engineered livestock. 

	National Environmental Policy Act (NEPA), 1970
	Council on Environmental Quality (CEQ)
	NEPA requires federal agencies to assess the environmental effects of their proposed actions prior to making decisions. For the livestock biotech industry, this means evaluating the potential environmental impacts of genetically engineered animals, including potential effects on non-target species and ecosystems.

	The Coordinated Framework for the Regulation of Biotech
	USDA, FDA, and EPA
	This policy framework outlines how biotech products are reviewed and regulated in the US. It ensures that biotech products meet the standards of the USDA, FDA, and EPA for safety, efficacy, and environmental protection. The framework is designed to prevent overlapping regulations and to clarify the roles and responsibilities of each regulatory agency.

	The 21st Century Cures Act, 2016
	FDA
	This Act includes provisions to streamline the regulatory process for innovative medical products, including those developed through biotech. For the livestock industry, this Act could accelerate the approval process for genetically engineered animals that could be used in biomedical research or therapeutic applications.


Source: SPEEDA Edge

Research shows that costs associated with regulatory compliance can be up to 50% of the total costs of bringing a product to market in the biotech sector. The progress of the US livestock biotech industry in particular is hindered by these costs and other challenges posed by the regulatory environment governing the sector.

· Stricter regulations than genetically engineered crops: The FDA, tasked primarily with regulating genetically engineered livestock, has adopted a cautious approach. Unlike the regulation of genetically engineered crops, the oversight of genetically engineered animals, including both transgenic and gene-edited varieties, focuses on the process of alterations rather than the product, thereby effectively blocking most approvals.

· Longer approval timelines: The FDA's first approval of a GM animal for food, the AquAdvantage salmon, underwent over a decade of review. Recently, however, the FDA has demonstrated greater flexibility and efficiency. By exercising enforcement discretion, it approved gene-edited cattle designed to withstand extreme heat from climate change, confirming that these genetic modifications pose no safety concerns. Furthermore, the FDA completed a more expedited full review and approval of the GalSafe pig, which took significantly less time than the salmon, affirming that its meat is safe for public consumption.

· Stricter regulations than global markets: Globally, under the current regulatory approach to food animal breeding, if genomic selection is used to identify animals with genomes promoting heat tolerance or disease resistance, these animals face no additional regulatory burden. However, in the US (and only in the US), if an alteration is intentionally and precisely introduced into the genome using modern biotech to obtain these same traits, the alteration must be approved as a new animal drug for the animals before a product is legally allowed to enter the market. In response to the stringent regulations on animal biotech in the US, several American scientists have moved their gene editing research projects abroad, particularly to countries like Brazil and Argentina.

· Lack of labeling requirements: In the US, there are no labeling requirements for genetically engineered animals, which keeps consumers unaware as to whether the meat they are buying comes from genetically engineered sources. This absence of labeling also complicates monitoring any potential health effects from consuming such products.

2. Poor public perception and acceptance

A Pew Research Center survey conducted in 2018 found that around half of Americans believe that GM foods are bad for health. Negative perceptions can influence market growth and adoption rates of new biotech solutions in the livestock sector. Researchers have noted that consumer concerns often stem from the introduction of foreign DNA from other species or different varieties of the same species (transgenic and cisgenic, respectively), a feature of traditional genetic modifications. However, genetic engineering technology does not incorporate foreign DNA; instead, it edits the genome to enable the natural expression of desirable traits found in the same or closely related species. 

3. Barriers to trade and international market access

Livestock biotech products from the US face barriers in international markets, especially in areas with stringent GM Organism (GMO) regulations such as the EU. The absence of global regulatory harmonization on issues such as GMOs, novel foods, and health claims is widely viewed as a factor that delays the introduction of products into various regions and countries. The regulatory approval processes in the EU, particularly for GMOs (but also for novel foods, health claims, food additives, and enzymes), are perceived to be lengthier and fraught with more regulatory uncertainty than those in other parts of the world.
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