From the Health & Genetics Committee
Breakthroughs for Golden Retriever Health:
Finding Genes for Progressive Retinal Atrophy and Ichthyosis
by Ann F. Hubbs DVM, PhD

Progressive Retinal Atrophy – GR_PRA1
Big news from the 2010 Advances in Canine and Feline
Genomics Conference in Baltimore, MD – researchers now
believe that there are three different genetic conditions that
can cause progressive retinal atrophy (PRA) in Golden
Retrievers. PRA is a clinical disease characterized by retinal
degeneration and blindness. In affected dogs, PRA can be
diagnosed when fully developed by a veterinary ophthalmologist, but that is often in a mature dog that may have been
bred many times. It can be diagnosed earlier using electroretinography. Since 2008, a genetic test for one form of PRA,
prcd-PRA has been available (Hubbs, online; Optigen,
2010a). Prcd-PRA is a recessive genetic disease meaning that
an affected Golden must have two abnormal copies of the
prcd-PRA gene to get PRA. Both genetically affected dogs and
unaffected carriers of this genetic condition can be identified
by DNA testing at any age, including in young puppies.
At the genomics conference on September 24, Louise
Downs of the Animal Health Trust in the United Kingdom,
and her colleagues announced the identification of a new
form of PRA that affects Golden Retrievers (Downs et al,
2010). This new form of PRA is also caused by a recessive
mutation and caused 70 percent of the PRA cases in their
study. Recently, the Animal Health Trust has made the resulting DNA test commercially available. In the supporting literature, they report that their research suggests that the mutation
causing this new form of PRA, tentatively called GR_PRA1, is
found in roughly 5 percent of the Goldens in the UK, but less
than 0.5 percent of the Goldens from the US (Animal Health
Trust). Louis Downs and colleagues also reported that still
another genetic condition appears to cause some cases of
PRA in Golden Retrievers but that gene has not yet been
identified.

Ichthyosis
The big news for Goldens continued at the conference –
researchers now report the identification of a genetic mutation causing ichthyosis in Golden Retrievers. Ichthyosis is a
scaling skin disease. In people and dogs there are actually
many different kinds of ichthyosis, and Golden Retrievers get
at least one form of the disease (Mauldin et al, 2008; Guaguere et al, 2009; Cadiergue et al., 2008; Oji et al, 2010). In
one report, the uncoated skin of the belly of affected Goldens
was reported to have increased pigment and to be rough to
touch (Guaguere et al, 2009). The clinical expression of the
disease ranges from severe cases (large blackish scales with
multiple infections), to mild cases (very small scales on the

body to scales only localized in certain parts of the body).
The mild cases might be clinically unnoticed. Although
ichthyosis does occur in U.S. Goldens (and over the past
two years, multiple breeders with affected Goldens have
contacted the GRCA Health and Genetics Committee), the
incidence appears to be very low.
On September 25, 2010, at the genomics conference,
Catherine André of the School of Medicine, Rennes, France,
reported that her laboratory has identified the gene that
causes ichthyosis in Golden Retrievers (Grall et al, in preparation). In addition, she reported that ichthyosis is inherited in
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(homozygous normal), no copies of the disease gene and
have no known risk for producing puppies with the tested
condition. In short, these dogs look normal (phenotypically
normal) for the condition and are genetically normal for
the condition.
2. Carriers – these dogs have one copy of the normal gene
and one copy of the disease gene and can produce
affected puppies if bred to a carrier or a genetically
affected dog. In short, these dogs do not appear to be
affected with the condition but they have one gene that
is mutated. If bred to homozygous normal dogs their offspring will also not be affected but half will be carriers.
3. Affected – these dogs have no copies of the normal gene –
both copies of the gene for this condition are mutated.
These dogs are genetically affected and usually phenotypically affected. Importantly, for later-onset diseases like
some forms of PRA, these dogs look normal in early life
but the disease manifestations appear late.
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the breed as an autosomal recessive disease, requiring that
each parent of an affected dog have at least one copy of the
abnormal (mutated) gene. In France, roughly 30 percent of
Goldens are affected (have two copies of the mutated gene),
40 percent of Goldens are carriers (have one copy of the
mutated gene), and 30 percent of Goldens are normal. Very
recently, in the course of the study led by André and collaborators, the same gene has been found to be mutated in two
human families presenting with a similar ichthyosis form, segregating with an autosomal recessive transmission mode. An
international patent has been deposited for the identification
of the mutation and its use for diagnosis in Golden Retrievers
and an international license is held by Antagene. A DNA test
for the identified mutation, ICT-A, is commercially available
in Europe and can identify Golden Retrievers that are
affected, healthy or carriers (Antagene, online). On December 16, Optigen announced that they will make this test
available for U.S. Goldens (Optigen, 2010b).
Inheritance of ichthyosis and GR_PRA1
As noted above, ichthyosis and GR_PRA1 are believed to
be inherited as autosomal recessive conditions. Since autosomal recessive conditions develop when a dog receives a gene
for that disease from each parent, the results of genetic tests
for autosomal recessive conditions fall into three categories:
1. Normal – these dogs have two copies of the normal gene

In many ways, U.S. Golden Retriever owners and
breeders are fortunate since we have a basic understanding
of inherited diseases in the breed through long standing
health testing for normal hips, elbows, eyes and hearts. We
now have DNA tests for three autosomal recessive diseases
that can serve as an introduction to basic dog genetics in
real life. We have genetic tests for prcd-PRA, GR_PRA1, and
ichthyosis. Each of these can be viewed as recessive diseases
that come very close to classic Mendelian genetics. The two
phenotypically normal Goldens (Sire and Dam in the chart
below) that each carry one copy of the normal gene (shown
here as N) will not show outward evidence that they carry
an abnormal gene (shown here as n for not normal) because
expression of the mutated gene is obscured by the normal
gene. However, when the two carriers are bred to each other,
the two alleles (one copy of a gene pair) sort randomly into
the offspring and the classic Mendelian Square looks like this:
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Roughly one in four of the offspring from two carriers
will have only the abnormal genes (shown here as nn for in
the lower right cell of the table outlined in bold) and will
develop the disease.
It is important for breeders to understand that other
genetic tests are also available for Golden Retrievers and
many more will become available over the next few years.
For one of the existing tests, degenerative myelopathy (available through OFA), two copies of the abnormal gene appear
to make these dogs “at risk” for degenerative myelopathy, but
many of these dogs actually remain healthy (Awano et al,
2009; University of Missouri, online). Thus, degenerative
myelopathy is very similar to the simple autosomal recessive
conditions explained above except that two copies of the disease gene do not appear sufficient to cause degenerative
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myelopathy and additional research will be needed to find
out what else contributes to development of that disease.
Another test available to Goldens is a linkage test for Hemophilia A, a sex-linked recessive bleeding disorder. A linkage
test does not test for the actual mutated gene, but instead
tests for a marker located so close to the disease gene that
they are usually inherited together (Brooks et al, 2005).
Implications of the New PRA and Ichthyosis Tests
Owners of Golden Retrievers with PRA and scaling skin
diseases now have genetic tests that may help identify the
cause of their conditions, but since these diseases currently
appear to be uncommon among U.S. dogs, at this time it is
not necessary for all breeders to add these DNA tests to routine pre-breeding screening examinations. However, dogs
with a first degree relative (parent, sibling, or offspring) that
either has the disease or has been DNA tested as a carrier
should be tested prior to breeding. These tests allow carriers
to be bred to homozygous normal Goldens so that healthy
puppies are produced. However, the offspring of affected
and carrier Goldens should also be tested before they are
bred. Those importing Golden Retrievers or breeding to
Goldens from countries where the condition is common
may also find the tests helpful in assuring healthy puppies.
As caretakers of the breed, we need to be thinking about
and discussing in advance the appropriate use of DNA testing
to protect both individual dogs and diversity in the gene pool,
as genetic tests become widely available for many different
conditions in our breed. It is especially important to keep
carrier status in perspective because as more genetic tests
are discovered we will undoubtedly find that all Golden
Retrievers carry some deleterious genes. Breeders need to
feel safe to test their dogs and make results public, knowing
that positive findings do not need to automatically eliminate
dogs from breeding.
To put this in perspective, there are no genetic tests
available yet for many widespread conditions with a heritable
component in Golden Retrievers – including hemangiosarcoma, lymphosarcoma, osteosarcoma, hip dysplasia,
elbow dysplasia, subvalvular aortic stenosis, cardiomyopathy,
swallowing disorders, cataracts, aggression, epilepsy and
pigmentary uveitis. We expect the time for those genetic tests
is not far away. In fact, ongoing research at the Broad Institute
into inherited risk factors for canine cancers has identified at
least five genes of interest in the development of hemangiosarcoma (www.dogdna.org). If additional research proves
that each of these genes can be associated with hemangiosarcoma in Golden Retrievers, it is likely that a large percentage of our dogs have one or more genes that contribute to the
risk of hemangiosarcoma.
It is also very likely that as we begin to understand the
inheritance of a spectrum of genetic diseases in Golden
Retrievers, many of these will be much more complicated
than prcd-PRA, GR_PRA1, and ichthyosis. However, it is
also likely that we can look forward to a day when we have
a panel of tests that will allow us to more accurately understand and manage the risk for a prospective breeding. The
result will be Goldens that live longer, healthier lives.
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