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Service dogs are indispensable to their handlers with disabilities. In recent years, dognapping has 
become an issue of concern, especially for high-value service dogs that perform life-saving tasks. 
While handlers have micro-chipped and sometimes even dyed their dogs to ensure they don’t get 
stolen, there are still drawbacks to each of these methods that still need to be addressed in order 
to optimally protect service dogs and prevent dognapping. To mitigate these issues, my proposal is 
to insert colorful fluorescent marker genes into to-be service dogs (already achieved in 2009 but 
only with green and red fluorescent markers), so they are easily identifiable under UV light (because 
they will glow!) and can be retrieved in the case of dognapping. 

ABSTRACT

Under Visible Light: Under UV Light:



In relation to our discussion of GMO’s in class, I wanted to highlight how 
glow-in-the-dark dogs could potentially revolutionize healthcare in a new 
and unexpected way. 

Genetically modified glow-in-the-dark dogs were created over a decade 
ago. In 2009, Byeong-Chun Lee and his team of Seoul National 
University in South Korea created the world’s first transgenic dogs, 
named “ruppies” (a combination of the words “ruby” and “puppies”) by 
cloning fibroblast cells from sea anemones that expressed a red 
fluorescent gene. Lee and his team also produced Tegon, a cloned 
beagle that expressed GFP eating food that contained doxycycline 
antibiotics. Lee’s team created Tegon and the ruppies (sounds like a 
band name xD) with the intention of substituting the fluorescent markers 
with genes that cause fatal human diseases to aid in treatment 
development methods. 

Moreover, David Ishee, a DIY biohacker, also attempted to insert a 
fluorescence genes into puppies (using artificial insemination) as proof 
that undesirable traits in dogs could be edited using the same principles. 

While these endeavors are exciting and revolutionary in their own right, 
my proposal is to insert various fluorescence genes in would-be 
high-value dogs (such as service dogs) so they are unique and easily 
identifiable.

CONCEPT / TOPIC 
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One of four “ruppies’ under UV light

Tegon’s paw under UV light after 
consuming doxycycline



Service dogs are specially trained to do work or perform tasks specific 
to their handler (the individual with the disability) and undergo 
extensive training to receive their qualifications. Most professional 
service dog training organizations undergo a strenuous selection 
process from reputable breeders to pick puppies that have service dog 
qualities. The cost of training a service dog can easily exceed $25,000. 

Micro-chipping may not be enough to prevent a dog from being 
kidnapped. Thus, many service dog handlers dye their dogs to give 
them easily identifiable features to deter dognappers. However, this 
solution gives rise to other issues: 1. upkeep of a colorful coat may be 
difficult 2. Dark-haired dogs cannot be dyed 3. regular service dogs 
already face many distractions from strangers calling, petting, and 
talking to them while they’re working, so a dyed dog is likely to get an 
even bigger reaction due to its unique look. This is extremely 
dangerous because distractions may cause service dogs to miss a 
life-saving alert.

My proposal of inserting a fluorescent marker in service dogs acts as an 
“invisible barcode” of sorts that allows the dog to be easily identifiable 
under UV light without drawing too much attention during work hours. 

CONTEXT & PRECEDENCE

A rainbow-dyed service dog in training

Service dogs with rainbow tails



This jellyfish produces its green 
bioluminescence from photo organs that are 
located on its umbrella. A faintly 
luminescent liquid, aptly named 
“squeezate”, is obtained by squeezing the 
rings of many jellyfish through rayon gauze. 
From there, the substance responsible for 
luminescence is solubilized and extracted 
under a condition that reversibly inhibits the 
emission of light. Specifically, the tissue of 
the light organs are shaken in saturated 
(NH4)2SO4, and squeezed through the gauze 
before undergoing filtration. The granular 
light organs are shaken in EDTA solution 
then filtered to create a crude aequorin 
solution. The solution is purified to extract 
aequorin and GFP. Osamu Shimomura won 
the Nobel Prize in Chemistry in 2008 for 
isolating GFP from Aequoria victoria and 
discovering its bioluminescent properties. 

PROJECT PROPOSAL STEP 1: 
EXTRACT GFP 

Aequoria victoria and GFP



The color of GFP (and other bioluminescent proteins) can be altered by changing certain amino acids in 
the protein sequence. Roger Tsien shared the Nobel Prize in Chemistry in 2008 with Osamu Shimomura 
for his work altering the color of GFP and other bioluminescent proteins. As shown in the figure, 
although GFP originally emits a green color, Tsien changed its amino acid code so that it could be 
altered to be different shades of yellow, green, or blue as well. Other proteins like mRFP1 and SHM can 
be altered to make up the rest of the rainbow. In relation to my proposal, this indicates that almost any 
color glow-in-the-dark dog can be created! However, since I mentioned only GFP insertion, we would 
only be able to get dogs that are yellow, green or blue. (Still cool though!)

PROJECT PROPOSAL STEP 2: 
ALTER GFP COLOR

Alternative colors that can be produced from bioluminescent proteins



For in vivo gene transfer, dogs are subjected to GFP 
gene transduction utilizing a non-viral piggyBac 
vector via liver-targeted hydrodynamic injections. 
(The safety and efficacy of the piggyBac vector has 
previously been evaluated prior to use.) Analyses of 
liver biopsy samples can be taken to test the 
percentage of cells that display positive GFP signals 
in the injected liver lobes. This method is still 
relatively new, but has been successfully 
implemented in beagle models in 2021 by Mahashi 
Noda and her team. From previous trials, it is stated 
that around 90% of cells displayed positive GFP 
signals, a promising statistic for the efficacy of this 
technique. 

PROJECT PROPOSAL STEP 3A:
GENE TRANSFER OPTION 1: IN VIVO

GFP expression levels from liver biopsy

piggyBac vector expressing GFP

https://www.sciencedirect.com/topics/medicine-and-dentistry/liver-biopsy


PROJECT PROPOSAL STEP 3B:
GENE TRANSFER OPTION 2: EX VIVO 

In regards to ex vivo gene transfer, blood outgrowth 
endothelial cells (BOECs) can be derived from the 
peripheral blood of dogs and be transduced with 
GFP gene using a lentivirus vector. The cells can then 
propagate, fabricate as cell sheets, then be 
implanted onto the omentum (large flat adipose 
tissue layer on the surface of the intraperitoneal 
organs) of the same dog. An omental biopsy can be 
performed 4 weeks after to analyze whether there is 
a tube formation by the implanted GFP-positive 
BOECs in the sub-adipose tissue layer (hopefully so!). 
The purpose of this step is to be able to detect 
whether there is fluorescence over an extended 
period of time. 

Lentivirus vector  expressing GFP

Expression of GFP 4 weeks after implantation

https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-cell


PROJECT PROPOSAL STEP 4:
GLOWING PUPPIES! 

After a successful gene transfer, the optimal outcome 
would be glowing puppies! Several factors may 
impact the success of gene transfer: how long GFP 
expression continues for, whether or not any light is 
emitted, and whether the color of the bioluminescent 
protein will be visible in the dark, among many other 
factors. While this has been successfully achieved in 
the past with GFP and another red luminescent 
protein, this has not been attempted with other 
bioluminescent colors, such as YFP or BPF, which are 
derivations of GFP. Thus, in theory, I could create 
rainbow glowing puppies with this technique, but in 
reality, more research is needed to justify that 
conclusion. 

          



In essence, bioart has many versatile applications and can serve many 
purposes. In my proposal, I discussed using GFP gene insertion to 
make glow-in-the-dark dogs so they would be readily identifiable and 
less likely to be stolen. The fluorescence in this case would 
hypothetically act as an individualized barcode for the dog that is kind 
if similar to a fingerprint. I think this proposal is a nice reflection of my 
combined interests of biotechnology, art, and dogs (XD), and it 
demonstrates that fluorescence can take on multiple purposes and 
should be utilized in innovative ways. Some future implications may be 
to attempt fluorescence with other genes mentioned previously, such 
as mRFP1 and SHM. (If this is achieved, then true rainbow dogs may be 
able to be created!)  

DISCLAIMER:
My glow-in-the-dark dogs proposal is intended to be a fun idea that 
combines, biotechnology, art, biochemistry (my major), and dogs. I 
recognize that this idea may not be feasible due to the high costs of 
gene editing, as well as its ethical implications. Gene editing with 
animals has remained controversial, Especially if the purpose of doing 
it is solely aesthetic (as it is in this case). I do not condone unethical 
scientific practices regarding animals, and this presentation was solely 
intended to be lighthearted and hypothetically performed following 
ethical regulations. 

CONCLUSION

Blossom, my puppy, who inspired my topic
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