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What is Recurrent Airway Obstruction (RAO)?
Recurrent Airway Obstruction (RAO) is an equine respiratory disease that resembles human asthma. It is triggered when a susceptible horse is exposed to mouldy hay - organic dust particles are released from the hay into the air, the horse breathes these in, causing an irritation of the airways. 
Once sensitised by this exposure, the horse is extremely sensitive to any inhaled irritant and needs to be carefully managed to prevent further irritation. Like asthma, there are periods of remission where symptoms decline. However symptoms can reappear again in response to irritation.
RAO is sometimes referred to as “heaves” as sufferers often having a heaving chest. The disease can be very debilitating, typically causing coughing, nasal discharge, constriction of the airways and respiratory distress. 
Badly-affected horses will struggle to breathe even at rest and can develop a “heave line” across their flank where abdominal muscles have become over-developed. 
What was the main aim of this project?
It has been known for many years that RAO has an inherited component, as there is an increased likelihood of RAO within families. 
An offspring with two RAO-affected parents is 5.5 times more likely to be affected with RAO than an offspring with unaffected parents. The inheritance of the condition is complex, and is thought to be influenced by the inheritance of several genetic mutations.
The aim of this project was to investigate the inherited component of RAO to increase understanding of its genetic origins. This could lead to new treatments and improved preventative management of the disease.
How was the research carried out?

The initial stage of The Horse Trust-funded research aimed to identify the genetic regions associated with RAO in two families of warmblood horses. 
Each family consisted of an affected stallion and his numerous half-sibling offspring (130 in family 1; 107 in family 2). Each horse was assigned an RAO score of 1-4 (where 1 is healthy and 4 severely affected) and their DNA was tested for 250 genetic markers. If a genetic marker is inherited alongside the disease then this identifies the region on the chromosome where the mutation lies.

Partway through the project, there was an unexpected and thrilling development with the sequencing of the horse genome by Broad Institute in Cambridge, MA. This meant that we could access the location and sequence of all the genes in the horse, together with the precise location of each genetic marker. 
A spin-off to the genome sequencing was the characterisation of genetic markers known as single nucleotide polymorphisms, or ‘SNPs’. An 'SNP chip' can be used to detect mutations, a technique known as Genome Wide Association Scanning (GWAS). An equine SNP chip carrying over 54,000 SNPs became commercially available in 2008. 

The Horse Trust part-funded the purchase and processing of SNP chips for the second stage of our research. Additional funding was received from Swiss National Science Foundation and the US Department of Agriculture.

Using the SNP chip, we analysed the genomes of 288 warmblood horses, which were half RAO-affected and half healthy. These horses were unrelated to each other at the grandparent level, to avoid potential confounding of the results due to family relationships. 
The samples were processed and we looked for mutations (SNPs) that were linked to RAO disease symptoms. 
What are the findings of the research?

The results from the initial research showed that each of the two families of warmbloods had one significant chromosome region associated with RAO, indicating that there was one major mutation in each family which was causing the disease. 
The mutation was different in each family: in family 1 the region was on chromosome 13, while in family 2 the region was on chromosome 15. This result showed that genetic susceptibility to RAO is due to different mutations in different families. This highlights the variability in the genetic cause of RAO.
The second stage of the research indicated several chromosome regions linked with RAO with moderate statistical significance. 

To strengthen these results, additional samples will need to be analysed. It is likely that around 500-1000 samples will need to be examined to identify genetic locations with robust statistical significance. We hope to get funding for this work in the future. 
What are the implications of these findings?

The use of Genome Wide Association Scanning gives us the opportunity in the coming months and years to identify the location of the genetic mutations causing RAO with high resolution. 
In the long term, this could lead to the development of new drugs for treating RAO, or allow the identification of young horses which will be at high risk of developing RAO later in their lives, allowing a preventive management approach. 
In addition, breeders will be able to identify individual horses with defective genes, allowing them to make decisions on whether or not that horse should be bred from. 
