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This project describes the first step in the development of a test to detect 
embryonic gene editing in thoroughbred racehorses. Embryonic gene editing 
is a form of gene doping. 

Gene doping is commonly referred to as the non-therapeutic use of gene 
therapy to improve sporting performance. The international governing body 
overseeing thoroughbred racing, the International Federation of Horseracing 
Authorities (IFHA), has banned the application of gene doping in any form 
through its International Agreement on Breeding, Racing and Wagering.

Gene editing is a genetic engineering technique that offers a more refined 
way to perform gene therapy and thus gene doping. Currently, the only way 
to identify whether embryonic gene editing has occurred is to compare the 
foal’s genetic sequence with that of its parents, to see whether a mutation 
that has occurred on both strands of DNA in the foal is not observed in its 
parents. While this is possible, it is expensive and technically difficult. 

To address these difficulties, a simple, cost-effective method to screen genes 
of interest in horses was designed. The method uses a custom designed 
commercial array to target and capture DNA sequences of interest. This 
DNA is then subjected to genome sequencing. The developed sequences 
are aligned to the horse reference genome to identify any DNA variation, 
including new DNA mutations that have originated in foals when compared 
with their parents. This method is significantly cheaper and simpler to analyse 
than using DNA from the whole genome.

The kit was trialled on 23 parent-parent-offspring trios. Three new DNA 
variants were identified as potentially being new mutations. These will 
need to be assessed individually in the laboratory by sequencing to confirm 
whether they truly are new mutations, as it is possible they are false positives. 

This project is the first to develop a method to identify these new de novo 
mutations in the horse, and is the first study to apply exome sequencing of 
trios to detect gene editing for performance enhancement. Future work 
includes confirming the potential new mutations with individual sequencing 
and using the test to detect gene editing. This research will benefit racing 
authorities as they continue to develop new doping detection methods. 

Abstract Background

The Australian thoroughbred racing industry is the 
second-largest thoroughbred industry in the world 
and generates more than $9 billion in value for the 
Australian economy. A significant proportion of this 
is derived from wagering, which relies on consumer 
confidence in integrity. 

Gene editing is a genetic engineering technique that 
might be used to alter the genome of thoroughbreds 
to improve racing performance. The best gene editing 
results have been observed when editing embryos. 

Any sort of artificial breeding in thoroughbreds is 
strictly prohibited. However, the only way to identify 
embryonic gene editing is to compare the foal’s 
genetic sequence with that of its parents, which is 
expensive and technically difficult. 

The primary aim of this project was to develop a 
simple, cost-effective method to screen genes 
of interest in horses for gene editing. It was also 
important to gain an understanding of the normal 
incidence of de novo (new) DNA mutations that occur 
between generations of horses.  
 

Methodology

The literature was reviewed to identify horse genes 
that are most likely to affect a racehorse’s career 
success and thus be targeted for editing. Their 
sequences were identified from the online horse 
reference genome and used to design a custom 
commercial array that can capture the targeted DNA. 
The captured DNA is then subjected to normal DNA 
sequencing. 

The kit was synthesised commercially and tested on 
DNA extracted from different sample types, including 
blood and hair root cells, to optimise laboratory 
protocols. After this initial testing, the final version 
of the kit was tested on parent-parent-offspring trio 
groups to determine the inter-generational mutation 
rate. The kit was trialled on 23 trios, including six 
stallions and either one, two, or five (for four stallions) 
of the stallions’ foals. The dams of the foals were also 
sequenced, allowing a comparison between the DNA 
of the foal and its parents.

The results consisted of whole genome sequencing 
files, which were analysed bioinformatically. Briefly, 
the sequence is aligned to the reference horse 
genome to identify any variation from the reference. 
Any variation in the foals was then compared with that 
of their parents, to identify variation that appeared 
to originate in the foals. These are known as de novo 
(new) DNA mutations. Different methods were trialled 
to determine the most optimal processes, including 
strict filtering of the sequence data for quality. 

Key findings
The final design of the custom array kit included just 
over 90 genes. DNA extracted from blood or hair was 
found to be suitable for this analysis, improving the 
general utility of the kit. 

Sequencing coverage was excellent, averaging 
more than 3000x. The initial analysis revealed 
approximately 1500 areas of variation that passed 
quality control in each foal. These were further filtered 
for location and predicted function to identify three 
possible functional de novo mutations. Further 
laboratory work is required to confirm these as true 
new mutations.

This project confirmed that a targeted sequencing 
approach could be applied to detect gene editing 
in the thoroughbred. This approach saves a 
significant amount of money and is much simpler 
bioinformatically when compared with whole  
genome sequencing. 

A targeted sequencing 
approach to detect gene 
editing in the thoroughbred 
saves a significant amount 
of money and is much 
simpler bioinformatically 
when compared with whole 
genome sequencing.”

“



The horse industry worldwide has invested many millions 
of dollars in developing a broad suite of tests to detect 
all forms of genetic manipulation in thoroughbreds. This 
project contributes an important piece to this puzzle.  
The work sends a strong message that the industry will  
not tolerate deliberate attempts to cheat or compromise 
the welfare of thoroughbreds.”

“Implications for industry
This research will benefit racing authorities as they 
continue to develop new doping detection methods. 
While gene editing is currently prohibited in racing 
and breeding, there is no simple method of detection. 
This project provides the first step towards developing 
an efficient gene editing detection test. This will 
contribute to improving integrity and thus consumer 
confidence in the wagering product.

This research will also contribute to our knowledge 
of mutation rates in thoroughbreds and horses more 
broadly. This may become more important over time 
as the thoroughbred is losing genetic diversity. 

The development of a test to detect gene editing 
will also provide a deterrent against using an 
experimental gene therapy in thoroughbreds. Gene 
editing is known to sometimes cause ‘off target’ 
edits – where an unrelated gene sequence is edited 
by mistake. These edits can have serious unintended 
consequences for the horse’s health and therefore ‘off 
target’ gene editing could compromise welfare. 

The horse industry worldwide has invested many 
millions of dollars in developing a broad suite of 
tests to detect all forms of genetic manipulation in 
thoroughbreds. This project contributes an important 
piece to this puzzle. The work sends a strong message 
that the industry will not tolerate deliberate attempts 
to cheat or compromise the welfare of thoroughbreds.

Actions and next steps 

This project has designed and applied a new method 
to detect gene editing in horses. The custom array kit 
successfully captured the genes that were targeted 
at a deep enough coverage to allow identification of 
putative de novo mutations. 

It is important to start using the test as soon as 
possible. This will generate more data to allow a 
deeper understanding of the expected number of 
de novo mutations in foals and contribute to gaining 
accreditation to use the gene editing detection test. 

It would also be useful and complementary for 
research groups to sequence as many thoroughbred 
trios as possible to allow more accurate estimation 
of inter-generational de novo mutation rates. The 
more trios that are tested before the first gene-edited 
horse is identified, the stronger the science will be to 
support the argument that the identified edits did not 
occur naturally.

An expansion of this would be to perform trio 
analysis on the whole genome sequence. This will 
reveal more about the inter-generational mutation 
rates in different parts of the genome, in particular 
the non-coding regions. In other species, it has 
been shown that mutation rates vary widely and 
are affected by the location and function of the 
sequence. Most of the sequence screened in this 
project was coding DNA, which has a lower mutation 
rate as it is functionally important. 

Application of this kit to detect cloning should also 
be explored. 

It would be useful to also perform a proof-of-
principle study, by testing the detection method on a 
horse that has been gene edited in one of the genes 
included in the panel. This will be explored in the 
future by reaching out to research groups that are 
proficient at gene editing. 
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