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In mammals (cattle sheep goats):  

• Use IVF and edit the single cell zygote (by 
microinjection)

• Or edit a cell in culture and use Somatic Cell 
Nuclear Transfer

The challenge for precision genome engineering in birds
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In bird species (poultry):

• The avian ovum on the swelling yolk until its release 
and fertilization (single cell zygote) at the top of the 
oviduct

• The single cell zygote is intimately linked with the yolk: 
almost impossible to manipulate

• An alternative approach is required



Primordial Germ Cells (PGCs)
• Progenitors to ovum and sperm forming cells

• In the blood of the 1-2 day old chick embryo

PGCs OUTSIDE – highly skilled culture (not trivial)
• gene targeting                                                      (Schusser et al, 2014)

• gene editing                                                                 (Park et al, 2014)

PGCs INSIDE – accessing the germ cells in vivo (in ovo)
• Integrating lentiviral systems                              (McGrew et al, 2004)

• Direct Injection in vivo                                             (Tyack et al, 2014)

Sperm Transfection Assisted Gene Editing (STAGE)
• Another approach which could speed up gene editing in poultry 

(Cooper et al, 2017)

Methods to make a transgenic or edited chicken
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Gene editing tools and chicken PGCs



• We have deleted a key anti-viral gene in a line of chickens, initially in just 

one parent then, by crossing, achieving double knock-out and full effect 

• Double knockout flock are currently being expanded to provide eggs for 

trial to assess enhanced growth of influenza vaccine virus.

Vaccine manufacture and immune gene deletion
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• Disease impacts are significant to food production and to 
human health and safety (e.g. “bird ‘flu”)

• Genomics and gene editing are revealing opportunities to 
enhance resilience to important diseases such as: 

• Avian Influenza

• Avian Leukosis Virus (J)

Disease Resilience



• Allergy to chicken egg affects ~ 2.5% of children

• Significant food safety issue

• OVM is the most allergenic egg white protein
• only 10% of total egg white protein    (compared Ova at >50%)

• Ovm allergenicity is not lost in cooking/processing  

• No clear role identified for OVM in fertility, egg formation or nutritional value 

• OVM -/- birds have been successfully created

Improving food safety
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Sex-selection: by detection at point of lay

♀

♂
Marker integrated 

(with global genetics company)

Detection system identifies 
point of lay embryo as male

No more culling of 
day old male chicks

♂ Egg removed at 

point of lay 

Hens to the farm 

exactly the same 

as they are today

Currently 7 billion male chicks are culled at day old every year across the world
Marker assisted sex-selection: 

• no male egg incubation = $$s
• Egg white and yolk value recovery = $$s
• Female eggs = “null-segregant”, no GM present        hens lay eggs for food
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• The impacts could lead to….

➢ Improved production

• In sustainability, health & welfare

➢ Increased food safety

➢ Enhanced vaccine production

....but all of this relies on 

• Safety data combined with effective regulation of the technology 

• Public understanding and attitudes to gene editing (vs GMO)

• How these factors impact on industry’s appetite for adoption 

Impacts for the poultry industry
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