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Galactose-α-1,3-galactose (α-Gal) is

present in organs and muscles from most mammals (but 
not humans, apes, and old world monkeys)  as a glycan 
conjugated to both proteins and lipids.

biosynthesized by α1,3-galactosyltransferase encoded in 
GGTA1 gene, which has inactive mutation in humans, apes, 
and old world monkeys.

recognized as target epitopes of immunoglobulin (Ig)E, that 
commonly contributed to clinical symptoms in α-Gal syndrome.
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Nat Biotechnol 39: 393-400 (2021)

GalSafe pigs
could now provide a source of 
meat for people who develop tick 
bite-induced allergic reactions to 
the sugar, a condition known as 
α-Gal syndrome, including
red meat allergy.



Somatic cell nuclear transfer (SCNT) in pig
Afr J Biotechnol 10(76): 17384-90 (2011) 

In vitro gene-modification in cultured donor cells

Science 295:1089-92 (2002) Nat Biotechnol 20:251-55 (2002)

1st generation of GGTA1 gene deficient pigs



For Food Safety,
1, transgene insertion, including drug selection marker gene, 

vector sequence, etc.
2, unexpected (off-target) mutation
in genetically modified animals are not appropriate.

How generate target gene-modified animals
“without” exogenous gene integration?

Transgenic pig carrying
green fluorescent protein (GFP) 
derived from jellyfish
PNAS 110(16):6334-39 (2013)

“for the development of a method for genome editing”

Genetic scissors: a tool for rewriting the code of life



Genome editing platforms and mechanisms for DSB repair
with endogenous DNA.

Signal Transduction and Targeted Therapy 5:1 (2020) 

Major methods for generating genetically modified pigs
using gene editors 

J Reprod Dev 67: 177–187 (2021) 



Tokushima University, 
Japan

Laboratory of Reproductive Technologies, 
Cremona, Italy.



Technical University Munich

PNAS 118 (10): e2022562118 (2021)

In vivo genome editing in SpCas9 transgenic pigs and chickens can be 
easily performed by transducing with an AAV virus encoding gRNAs

PNAS 119 (45):e2214344119 (2022)

Melanophilin (MLPH) gene
deficient chickens

PGCs : primordial germ cells

The Ohio State University



Ex vivo primordial germ cell (PGC)-mediated method
for genome editing in the chicken

Int J Mol Sci 21: 3937 (2020)

1, Chicken PGCs are isolated from embryonic blood or gonad
2, Ex vivo genome editing in cultured PGCs
3, Selection of genome-edited PGCs
4, Injection into the dorsal aorta of recipient chicken embryos
5, Generation of potential germ-line chimeric chicken
6, Chimeras are mated with wild-type partners to produce heterozygous

mutant (+/−) chickens



OVM protein was not detected 
in OVM-null egg.

OVM mutation in gene-targeted chickens

Food and Chemical Toxicology 175:113703 (2023) 

Ovomucoid (OVM) accounts for approximately 11% of all the 
protein in egg whites, and OVM is one of allergens for egg allergy.

Summary
Current genetic engineering techniques enable to produce 
genetically modified livestock including pigs, cattle and chickens. 

GGTA1 deficient pigs, which lack galactose-α-1,3-galactose
(α-Gal) sugar molecule, for potentially allergy-free meat were 
established.

FDA approved GGTA1 deficient pigs (facility in northern Iowa) for 
human food in 2021, but not yet commercially available.

Exogenous gene integration-free GGTA1 deficient cattle, 
OVM deficient chickens were also generated.

These genetically modified animals are thought as new livestock 
for potentially allergy-free food, but it is still in the research stage.


