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• Biology
•chicken and quail are excellent model organisms for developmental biology research 

• Agriculture - improve poultry production (meat and eggs)
•generating chickens that are resilient to disease, have improved production traits, improved 
welfare and safer food products

• Biotechnology - generate valuable biologicals for medicine
•chicken eggs as bioreactors for pharmaceutical proteins 

• Conservation
•genetic rescue of endangered bird species 

Why genetically engineer birds? 
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• Avian embryonic PGCs migrate through the vasculature on their path to the 
gonad where they become the sperm or ova producing cells

• This unique feature of avian PGC migration through blood has led to a 
transformational advance in the generation of genetically engineered 
chickens

• PGCs “OUTSIDE” – highly skilled culture (van de Lavoir et al, 2006)
• establish PGC cultures

• introduce genetic modifications into cultured cells

• expand the modified cells into clonal populations

• inject selected cells into recipient embryos to create germline chimeras

• PGCs “INSIDE” – In vivo transfection of PGCs (Tyack et al, 2014)
•direct Injection - no selection step available which can lower success rate

•Avoid imported biologicals required for PGC culture system

Primordial Germ Cells (PGCs)
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• Avian influenza is a major problem

•Consistent and extensive outbreaks in recent years

•Vaccination not fully effective 

• Significant threat of human flu pandemic 

• Avian influenza virus polymerase does not function well in mammalian 
cells (host restriction)

• Species specific difference in ANP32A protein  - avian ANP32A proteins 
have a 33 amino acid insertion

• Long et al 2019 used CRISPR to remove the 33 amino acid insertion from 
chANP32A or to knockout the entire protein in chicken cells

• Edited cells that expressed the short chANP32A supported mammalian-
adapted but not avian polymerase activity

• Cells completely lacking chANP32A did not support either mammalian or 
avian influenza polymerase activity and were refractory to infection

Disease Resilience – avian influenza (ANP32A)
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Disease Resilience – avian leucosis virus subgroup J (ALV-J)

• ALV-J causes significant economic losses in the poultry 

industry

• Virus receptor is chNHE1

• Deletion or substitution of a single amino acid 

(tryptophan 38) confers resistance to infection
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• Egg allergy is widespread and impacts more than 40 million children 
worldwide

• Cost of childhood food allergies in the USA alone is $25 billion 
per year

• Major food safety issue and implications for vaccines grown in eggs

• Egg allergy is caused by 4 proteins within the egg white

• Ovomucoid (Ovm) is the most allergenic egg white protein

• makes up a small amount of the total egg white protein 

• Resistant to cooking and digestion

• We are using CRISPR to knockout Ovm using our well-established poultry 
genome engineering capability

• OVM gene knockout – safe in cooked egg products

• Our goal is to have 1st gene edited animal food product in Australia

• We can achieve something truly novel and disruptive in the free-from-
food industry

Increased food safety – egg allergy



• Challenge: develop a technology to detect and 
remove male embryos prior to hatch
• At point of lay

• Without physically penetrating the shell

• High through-put, high accuracy

• Low cost 

• Global industry demand for a solution

Selectively hatching female chicks – a high 
priority for the global egg industry
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Gene Technology Regulations - Amendments (for clarification of definitions)

• Null-segregant offspring of GMO parents will not be classified as GMOs

Null-segregant process also being recognised (and excluded from GMO definition) by Food Standards Australia New Zealand (FSANZ)

Repurposing 
(value adding)
of male eggs
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Production of chromosome marked chickens through direct injection



Sex selection - benefiting the entire supply chain
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