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Abstract
DNA testing for domestic cat diseases and appearance traits is a rapidly growing asset for
veterinary medicine. Approximately thirty-three genes contain fifty mutations that cause feline
health problems or alterations in the cat’s appearance. A variety of commercial laboratories can
now perform cat genetic diagnostics, allowing both the veterinary clinician and the private owner
to obtain DNA test results. DNA is easily obtained from a cat via a buccal swab using a standard
cotton bud or cytological brush, allowing DNA samples to be easily sent to any laboratory in the
world. The DNA test results identify carriers of the traits, predict the incidence of traits from
breeding programs, and influence medical prognoses and treatments. An overall goal of
identifying these genetic mutations is the correction of the defect via gene therapies and designer
drug therapies. Thus, genetic testing is an effective preventative medicine and a potential ultimate
cure. However, genetic diagnostic tests may still be novel for many veterinary practitioners and
their application in the clinical setting needs to have the same scrutiny as any other diagnostic
procedure. This article will review the genetic tests for the domestic cat, potential sources of error
for genetic testing, and the pros and cons of DNA results in veterinary medicine. Highlighted are
genetic tests specific to the individual cat, which are a part of the cat’s internal genome.
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Simple Genetic Traits
A cat’s appearance, its phenotype, and its health can be influenced by both genetic
(inherited) and non-genetic (environmental) influences. The diseases and traits that have
known mutations, hence clearly heritable and genetic, are generally called simple genetic
traits, as the presentations are controlled mostly by a single specific mutation in a single
specific gene. Because these traits are “simple”, most of the initially discovered mutations in
any species have been for clearly genetic traits that have high frequencies in specific
populations. The first mutations identified in cats were for lipid and lysosomal storage
diseases in the early and mid-1990’s1,2, [J1]as these diseases have well defined phenotypes
and known genes with mutations that were as found in humans (See reviews3,4). Most of the
common diseases, coat colors, and coat types have been deciphered in the cat following the
same candidate gene approach, implying finding a replicate trait in another species and

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Top Companion Anim Med. Author manuscript; available in PMC 2011 November 1.

Published in final edited form as:
Top Companion Anim Med. 2010 November ; 25(4): 203–212. doi:10.1053/j.tcam.2010.09.002.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



checking the same gene for causative mutations. Presented in Table 1 are the commercially
available simple genetic traits and diseases with known mutations in the cat. Other disease
mutations are presented in Table 2. To date, other than the muscular dystrophy mutation1, all
other mutations in the cat are autosomal, not found on the X or Y chromosomes.

The coat color mutations are common to all cats and are effective for genetic typing in all
breeds and populations. However, even though long fur is common in breeds and random
bred cats, long fur is an exception because four different mutations in FGF5 can cause a cat
to have long fur5,6[J2]. One mutations is common to most all breeds and populations,
suggesting this mutation to be the most ancient mutation, but the others are more specific to
particular breeds7. Thus, to determine accurately if a cat carries a mutation for long fur, all
four mutations must be genotyped.

In contrast to coat colors and long fur, most of the identified disease tests in cats are very
specific to breeds and populations. Most diseases are identified in cat breeds, which are a
small percentage of the cat population of the world, perhaps at most 10–15% in the USA8.
Some mutations that were found in a specific breed, such as mucopolysaccharidosis in the
Siamese2,9, were found in a specific individual and the mutation is not actually prevalent in
the breed (Table 2). These genetic mutations should not be part of routine screening by cat
breeders and registries, but clinicians should know that genetic tests are available for
diagnostic purposes, especially from research groups with specialized expertise, such as at
the University of Pennsylvania (http://research.vet.upenn.edu/penngen). Other biomarkers
are also available at these specialized laboratories to help decipher between the lysosomal
storage and metabolism orders. Other diseases, such as polycystic kidney disease (PKD), are
prevalent, PKD in Persians is estimated at 30–38% worldwide10–12. Because of cross
breeding with Persians, many other breeds, such as British Shorthairs, American Shorthairs,
and Scottish Folds, also need to be screened for PKD13–15. Thus, veterinarians need to be
aware of cross-breeding practices, which differ in different cat registry organizations, so that
genetic tests can be placed as high or low priority for differentials and diagnostics.

Non-genetic components, including toxins, infections, infestations, sporadic damage and
changes to the DNA, and environmental influences, such as diet, exercise and social
surroundings, can produce a phenotype that looks just like an inherited characteristic or
diseases, a phenocopy. Detailed examinations of cats with heart murmurs may reveal
different presentations of heart disease, one that may be genetic and one that may be
environmentally induced, such as by low dietary taurine resulting in dilated
cardiomyopathy16. Some diseases may present differently in different tissues, termed as
plieotrophic effects of the same gene. For example, completely white cats can be just white,
while others have blue eyes or odd-eyed color and some may be deaf17–19. Genetic testing
can assist the clinician to rule out the common and environmental causes of clinical
presentations versus a condition caused by a heritable defect in the cat’s DNA.

Hallmarks of Genetic Diseases
A cat’s phenotype is a combination of the presence of diseases, visible traits, or
morphological types. Attributes of the phenotype can be desirable or undesirable, especially
in the case of diseases. Because phenotypes can be a result of a single gene, the interaction
of several genes, the accumulation of environmental exposures, or of a combination of
interactions, a veterinarian may choose different types of therapy, clinical management, or
make different prognoses if a phenotype is known to be genetic. If the same condition is
found in other species, a veterinarian may have opportunities to try novel approaches for
health care by considering comparative medicine. Several characteristics are common to
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genetic diseases that will help decipher sporadic, idiopathic, occurrences from inherited
conditions.

The six common hallmarks for inherited diseases include; 1) early age of onset, 2) bilateral
and/or multiple presentation, 3) presence in a closed or small population, 4) indications of
inbreeding, 5) uniformity in presentation, and 6) advanced parental age at birth. Only
advanced age of parents at birth has not been shown to have an effect in cat inherited
diseases. In humans, older mothers have a higher frequency of having children with Trisomy
2120 and dwarfism is associated with advanced paternal age21.

Two examples of diseases that present as sporadic and inherited forms are PKD22 and
lymphosarcoma8. Each of the five characteristics that define genetic diseases can help
identify PKD from cats with sporadic kidney cysts. Kidney cysts can occur in any cat but
not all cystic presentations are indicative of PKD. PKD can sometimes be detected as early
as 6 to 8 weeks of age by ultrasound, consistently by 10 months of age14. Both kidneys are
normally affected and multiple cysts are generally present. The cysts are not similar in size
but are similar in etiology. PKD is rampant in Persian cats, thus must be considered to be
present in related breeds, such as Exotic shorthairs and Himalayans. Surprisingly, this
genetic problem has a very high frequency in one of the oldest and largest cat breeds, thus
not a small or closed population, but the early onset, bilateral presentation, and the high
prevalence in a breed clearly demarcate this condition as a heritable problem. An older,
random bred cat with one kidney cyst in one kidney would not be a candidate for PKD and
genetic testing.

Lymphosarcoma is also frequent in cats but it is generally found in older cats and/or cats
that have been infected and are positive for FeLV23. An usual rate of mediastinal
lymphosarcoma has been specifically identified in silver Oriental Shorthairs that are FeLV
negative and generally younger than 2 years of age. Not only is a breed influence suspected
in this disease, but even a particular color or line. Other related breeds, such as Siamese,
Colorpoint shorthairs and the longhaired varieties of Siamese should be suspected of having
a prevalence of this lymphoma. Age of onset is 1–2 years and the tumors respond well to
chemotherapy, but reoccur with a poor prognosis. Thus, this disease is found in a closed,
inbred population, has an early onset and generally uniform presentation and the tumor is
found in areas not common to older onset forms of lymphosarcoma. These hallmarks define
a heritable condition versus sporadic lymphomas occurring in older aged cats.

Genetic Risk Factors and Complex Traits
A genetic problem with a high frequency can be found in nearly every breed, thus no one
breed can generally be considered healthier than another. Detrimental genes are found in
random bred cats as well, but low inbreeding prevents an increased incidence in presentation
of the disease. However, for recessive or dominant diseases that do not cause early clinical
presentations, breeders can be completely unaware of the propagation of a deleterious gene.
Some breeds may also have health problems, genetic and non-genetic, due to the
conformation or “type” desired for the breed. Shortened skull structures and nasal canals
cause Persians to have weeping eyes, asymmetric skulls and poor bite24. Anecdotally, the
fine, elegant structures of Abyssinians and Siamese exacerbate patellar luxation. The largest
breed, the Maine Coon, is under investigation for hip dysplasia[J3], a very common problem
in large dog breeds. Likely, these more complex problems have a genetic component, but
determining the number and the affect of genes is difficult, thus, recommendations for better
breeding practices could be of more value than genetic testing.

All the mutations influencing a disease may not be identified at any given time, thus, usually
the mutations that influence a condition the most, have the highest heritability, are identified
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first. Because multiple mutations may act additively to cause a disease, each mutation may
be said to confer a “risk” for disease development. Thus, some mutations may be considered
risk factors, predisposing an individual to health problem. These risk conferring mutations
are neither necessary nor sufficient for causing disease. An excellent example of mutations
that confer a risk are the DNA variants associated with cardiac disease in cats.

Hypertrophic cardiomyopathy (HCM) is a recognized genetic condition in cats25. In 2005,
Drs. Meurs, Kittleson and colleagues published that a DNA alteration in the gene cardiac
myosin-binding protein C 3 (MYBPC3) was strongly associated with HCM in a long-term
research colony of Maine Coon cats at UC Davis26. The DNA mutation is commonly
referred to as A31P, as this DNA mutation changes codon 31 from an alanine to a proline in
the amino acid sequence (i.e., protein) of cMYBPC. The data clearly shows that not all cats
with the mutation had HCM and that some cats with HCM did not have the DNA mutation.
Age of onset, variable expression, and disease heterogeneity were alluded to in this report.
These aspects suggest that the identified DNA variant should to be considered more of a
“risk factor” than a directly causative mutation. Two recent papers have shown that not all
Maine Coon cats with the A31P mutation get HCM27,28 and one of those papers has
mistakenly interpreted this lack of penetrance as being evidence that the A31P mutation is
not causal28. This interpretation is misleading, causing debate as to the validity of the Maine
Coon HCM test.

To date, most cat genetic tests have been for traits that have nearly complete penetrance,
have little variability in expression, and are early in onset. However, some imperfect
examples do exist in cats that have not caused as much controversy as the HCM test. The
CEP290 PRA mutation in Abyssinians has a late age of onset and some cats with subclinical
disease have been identified29. Some cats with the pyruvate kinase deficiency can have very
mild and subclinical presentations30. The interplay of various coat color genes often muddle
the determination of the true coat color of cats. As true in humans with cardiac disease, the
finding that not all cats with the A31P mutation in MYBPC3 get HCM is actually usual in
the field of HCM genetic testing. Thus, disease or trait causing mutations may not be 100%
penetrant, thus, they do not always cause clinically detectable disease. Presence of clinical
disease in an individual cat and the severity of disease (expression) is likely affected by the
known genetic aspects presented below:

1. Incomplete Penetrance – for some traits and diseases, even though a known
causative mutation has been identified, an individual with that mutation does not
present with the condition. Incomplete penetrance is an extreme of variable
expression (see below). In general, the reason as to why a condition would not
present is unknown, but other genetic, biological, and environmental interactions
certainly play a role in the overall appearance and health of an individual and its
organs. The sensitivity of clinical diagnostics may also influence the determination
of penetrance. In the case of HCM, echocardiography (cardiac ultrasound) can be
considered an insensitive tool for detecting mild forms of HCM in cats, thus, many
cats with mild do not clinically appear to have cardiac disease. Experience and bias
also play a role in diagnosis. For example, individuals who do not have expertise
with ultrasonic examinations for HCM or PKD are less likely to be able to provide
an accurate diagnosis for these diseases.

2. Age of Onset (age-related penetrance) – some diseases have a slow progression
and may not present until later in life. In humans, HCM due to MYBPC mutations
is clearly a disease that has slow progression and commonly does not express until
the individual is over 50 years of age. HCM in Maine Coon cats can also develop in
older cats, especially in cats that are heterozygous for the mutation (carry only one
copy of the mutated gene) and, for some unknown reason, in females. Often, an
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autosomal dominant disease may be more severe if two copies of the risk mutation
are present in an individual, leading to earlier and more severe disease, which
appears to be the case with the A31P mutation. The definitive age as to when a cat
is clear of developing HCM is not precisely determined.

3. Variable Expression – most traits and diseases have some amount of variable
expression depending on the individual. For example, not all cats with the mutation
for blue dilution have the same color of blue/gray. Obviously, the background
genetics and environment of the individual influence the overall presentations of
traits and diseases. Thus, the level of presentation can be variable in regard to left
ventricular wall thickness in cats with HCM. Cats can have mild, moderate or
severe HCM. Only those cats with severe HCM show clinical signs although a few
cats with lesser severity of disease may die suddenly. Cats with HCM may fall in
the “equivocal” range for wall thickness, thus, definitive affected status is difficult
to declare. These equivocal cats may progress to more severe disease with time, or
the equivocal status may be as severe as the disease gets. Some cats with PKD have
only a few cysts and never progress to renal failure, others have severe and fast
progression of disease and succumb renal failure in a few years.

4. Disease Heterogeneity – often, more than one mutation in the same gene, or
mutations in different related genes can cause the same disease. Genetic
heterogeneity for HCM in humans is well established, thus, there is no reason to
not think the same situation is true for cats. Currently over 1000 mutations in over
10 genes are known to cause HCM in humans. Only two mutations have been
identified that cause HCM in cats, the A31P mutation in Maine Coon cats and the
R820W mutation in Ragdolls26,31, which also causes disease in humans32. Both
mutations are in MYBPC3, the most commonly mutated gene in humans with HCM
(see review33). Other breeds of cats including Bengals, Siberians, Devon Rex, and
Sphynx and mixed breed cats either do not have or have an extremely low
prevalence of the A31P or the R820W mutation. However, there are Maine Coon
cats that have HCM that do not have the A31P mutation and so there has to be at
least one more cause of HCM, most likely another mutation, in this breed. The long
fur mutations in the cat are examples of trait heterogeneity.

5. Genetic Testing Accuracy – even though a specific genetic mutation may be
identified for a genetic trait or disease, research laboratories use different methods
to assay for the mutation. Errors in genetic assays may produce inaccurate DNA
results, leading to the confusion of genetic test interpretation. Direct DNA
sequencing is considered the most robust method, “the Gold Standard,” but also
one of the more costly methods of analysis. Because DNA primers must bind to the
DNA sequence flanking a specific mutation, other, unimportant mutations may be
in the areas where the primers bind, causing poor or no amplification of one or both
alleles for a given individual. This condition is known as allelic drop-out and all
testing laboratories are aware of this potential source of error for a genetic test.
Even direct DNA sequencing can suffer from allelic drop-out, but because a larger
portion of the gene which may have other DNA variants is generally amplified, a
higher likelihood of detecting allelic drop-out is available. Laboratories will place
PCR primers in different locations surrounding the mutation of interest, which is
often proprietary information, in attempts to lower the risk of allelic drop-out.
Thus, some laboratories have better assays than others, even if they are doing the
same assay method and testing for the same mutation. The different DNA assay
methods are usually developed to reduce cost and to fit the laboratory’s expertise
and instrumentation. But, some assays may have, in general, some increased risk of
test failure. Different common methods for DNA testing include real-time PCR
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(TaqMan), restriction fragment length polymorphism (RFLP), allele-specific oligos
(ASO), or even now mass spectroscopy-based methods. Just as a veterinarian may
want to know if a FIV test is performed by a SNAP test, versus an ELISA, versus a
Western Blot because each method has different sensitivities and specificities, so
too is true for DNA testing methods. Veterinarians will need to become failure with
the different genetic testing approaches and not hesitate to ask a testing laboratory
about their methods and sensitivity and specificity for their approaches.

6. Inaccurate Clinical Diagnosis – Ultrasonic examination of the heart,
echocardiography, is the most common and currently the only useful method for
detecting cardiac disease in cats. Several studies have evaluated HCM presence in
domestic shorthair and Maine Coon cats34–36. Not all cardiac disease is HCM and
even the definition of HCM can be debated. A consistent definition for HCM is not
always used by all cardiologists, thus, there is some difficulty with correlating a
genetic test result with an ultrasound report, especially if detailed diagnostic criteria
are not presented in the report. Misinterpretations in ultrasound examinations may
lead to different interpretations with disease status.

Overall, the only way to determine the true risk conferred by some mutations is to follow
cats over the course of their lifetime with common diagnostic procedures and comparing to
the genetic test results. Only time and continued follow-up will help determine the true
relative risk that mutations convey for complex diseases. In the case of HCM, various
studies have indicated higher or lower risks in different populations of cats, but none have
been able to follow cats throughout their lifetime. These studies are important and are of
great value to the community. Other mutations need to be found and the cooperation of
breeders must be positive and enthusiastic to have successful studies.

Breeding Recommendations
Cat breeders are very knowledgeable in regards to weighing different factors to produce
healthy cats that are of good type and temperament. Many genetic tests help a breeder make
a clearer, more educated decision. Cats with a positive genetic test for diseases should be
screened by other diagnostics, such as ultrasound in the case of HCM and PKD, to
determine disease status and this overall information used in breeding decisions. Other
health, type, and behavioral attributes should certainly be considered in the overall breeding
program. However, breeders need to work hard to reduce the risks with any health issue.
With the HCM A31P mutation, every cat that has the mutation is at risk for developing
HCM and every cat with the mutation will pass it on to some or all of its offspring. Cats that
are homozygous for the A31P mutation will definitely pass the mutation to their offspring.
The homozygous cats are at high risk of developing severe HCM. Cats that are heterozygous
for the mutation should not be bred unless they have other qualities that are either highly
beneficial or necessary to the breed. Kittens that test negative for the mutation should be
used to replace them in the gene pool. A slow eradication of disease is recommended for
highly prevalent diseases, such as HCM and PKD, as quick elimination of such a high
number of cats could lead to other effects of inbreeding depression. Breeds with very low
populations sizes, such as Korats, have learned to manage the gangliosidoses in their breed,
never breeding carriers together. Hopefully, all the disease mutations can be eventually
eradicated, but good breeding decisions and balancing population diversity must be
considered.

Genetic Testing Concerns in Different Breeds or Populations
Once a mutation is identified for a gene, which causes a particular coat color or disease, a
service laboratory, either in association with the investigator who found the mutation, or an
independent commercial laboratory, will establish a genetic test for that mutation to offer to
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the public (Table 3). Nearly a dozen laboratories around the world now offer the genetic test
for PKD in cats. All the laboratories may be technically very good and accurate, but, not all
of them equally “know their cats”. Thus, some of the concerns with specificity and
sensitivity of genetic tests, particularly in regard to testing in hybrid cat breeds, is due to a
lack of knowledge of how cat breeds are developed and cat evolutionary relationships.

In Tables 1 are all the known genetic mutations in the cat that have been published and may
be of concern for genetic testing. In the case of diseases, usually diseases present in a
specific breed, thus only associated with that breed. However, some breeds are allowed to
outcross with others and some are legal or illegally used to help refine the “look” of another
breed. Siamese and Persians both have a host of other cat breeds that they have influenced.
Hence, any mutation found in one breed can be found in others if cross breeding has
occurred. In addition, cats are bred all over the world and the rules between registries and
associations are not always the same. An outcross that may be acceptable for The
International Cat Association (TICA) in the USA may be unacceptable for the Cat Fanciers’
Association (CFA) or perhaps the Governing Council of the Cat Fancy (GCCF) in the
United Kingdom. Thus, testing laboratories need to understand some of these cat breed
dynamics so that they know a test is valid for a given breed in any part of the world and so
that tests are freely offered for the breeds at risk.

Why does one care if a genetic test is valid in a different breed? The concern is disease
heterogeneity. As owners, breeders and veterinarians, we see a clinical presentation that is
abnormal in the cat. However, any of us can quickly jump to conclusions. Cats have many
causes of renal failure, not all renal failure is caused by PKD. Cats have different types of
cardiac disease, not all cardiac disease is HCM. Even when a diagnosis of HCM is
definitive, not all HCM is caused by the same mutation. Herein lines the concern. An
unknowing veterinarian, owner, or breeder may want a cat to have a genetic test for HCM or
PKD because the cat has clinical signs consistent with these diseases. If the test shows a
negative result, this result does not mean the cat does not have HCM or PKD, if the test has
not be proven in that selected breed. But, the result does imply that the cat does not have the
mutation causing Maine Coon or Ragdoll HCM or Persian cat PKD. A laboratory may very
well run the test, but laboratories have different capabilities and skills with genetic
counseling. The veterinarian may be on their own to understand the meaning of a negative
test, hence why a test is generally listed for pertaining to a specific breed. Until enough cats
from a particular breed come forward with clinical data, such as ultrasound diagnoses and
genetic test results, a test cannot be valid for the breed unless clear outcrossing to the risk
breeds is apparent.

Besides knowing cats[J4], testing laboratories need to know their genetics as well. The
protein sequence for the genetic mutation in the gene Tyrosinase, which causes the “points’
mutation common to Siamese cats37, is presented in Figure 1a. Some positions in the
sequence have different amino acids between the species, more between cats and humans
than between cats and dog since cats and dogs have a closer evolutionary history. These
protein alterations are normal differences between humans, dogs, and cats. But, the change
of a glycine (G) to an arginine (R) within the cat is what makes a cat have “points”. This
simple mutation causes temperature sensitivity in the protein, the protein that produces the
melanin, which then only functions in areas where the cat’s body temperature is lower, the
face, paws, ears and tail, the “points.” However, in the DNA sequence (Figure 1b), three
nucleotides join together to code for one amino acid. Hence, the DNA sequence is three
times longer than the protein sequence for a given protein. Four nucleotides (A is adenine, G
is guanine, C is cytosine and T is thymidine) make up DNA. The coding of amino acids has
built in redundancy. The amino acid glycine can be coded by the DNA sequence GGG,
GGC, GGA, or GGT. The single nucleotide change of the guanine (G) to the adenine (A)
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changes the amino acid from glycine to arginine and this makes the cats have points when
both copies of their DNA has the same change. A mutation can occur at any nucleotide site.
If the CCT became CCC, the thymidine (T) changes to a cytosine (C). This change does not
alter the amino acid, it still codes for proline. This type of mutations is called a silent
mutation, as it does not affect the protein. When hunting for important mutations, the silent
mutations are generally discounted, being normal genetic variation found between
individuals or species. A mutation that does not change the amount, expressing timing or
structure of the protein generally will not have a change have an effect on phenotype or
health. However, these silent mutations and DNA variants can wreak havoc with a genetic
test. For example, a Siberian cat from Italy with yellow eyes that was dominant white was
presented for genetic testing to determine the underlying coat color alleles. The genetic test
for the Color (TYR) mutations suggested the cat was homozygous for the pointed mutation.
If so, the cat had to have blue eyes, regardless of being dominant white. In this case, the cat
had the normal, but silent, variant in the sequence around the mutation for points (Figure
1c). Notice the cat has only one allele for points, the bottom line, but the top line has the
silent mutation. Because the sequence was not the normal sequence before the important
mutation site, the test failed for that allele and the test result suggest the cat was
homozygous for points. A good laboratory knows this can happen and has other ways to
detect these anticipated problems. Because the laboratory had strong interactions with the
breeders, the test was redesigned to account for this anomaly.

Genetic Testing Concerns in Hybrid Cat Breeds
The normal level of variation between cats is expected, being far less than 1% of a sequence
that codes for a protein. Herein lies a problem for hybrid cat breeds. The evolutionary time
between cat species is millions of years38, not hundreds to thousands between cat breeds and
populations. An Asian leopard cat had a common ancestor with the domestic cat about 6
million years ago, the bobcat about 8 million years ago, the Serval about 9.5 million years
ago. The Jungle cat is more closely related to a domestic cat than the leopard cat to the
domestic cat.[J5] In addition, for some of these wild felid species, different subspecies have
been incorporated into the breed. The DNA sequence between a domestic cat and one of
these wild felid species will have many genetic differences, maybe a several percentage
difference, less for the Jungle cat, more for Serval as compared to a domestic cat. The
genetic differences are most likely silent mutations, but, the variation will interplay with
genetic assays and may cause more allelic drop-out than what would be normally
anticipated. No genetic tests have been validated in the hybrid cats breeds, although they are
typically used very frequently.

Most labs recognize that disease mutations are specific to breeds, but, not the coat colors.
The coat color mutations occurred during the early domestication of the cat before the
breeds were developed, so, all breeds tend to have the same mutation. This is true for all the
coat color tests so far but for the hybrid breeds, such as Bengals, Chaussies, and Savannahs,
some oddities in coat color and disease testing may occur. The normal DNA sequence
around each one the mutations for coat colors needs to be evaluated in many individuals
from each wild felid species in order to find the normal, silent mutations that occur between
the wild felids and the domestic cats. At any given gene, in a Bengal, one never knows if
you have one leopard cat sequence or two are present. Thus, the accuracy for any genetic
test is in no known for hybrid cat breeds. If the domestic cat alleles are present, the test will
perform as expected. But, one never know when one allele or both are from the leopard cat.
Which, generally, selection is favoring the wild felid colorations, so, inherently, the breed is
selected for the DNA sequences that may cause the genetic tests to fail.
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Other Inappropriate Genetic Testing
Genetic testing laboratories attempt to provide the best services for the lowest costs. Many
of the newer technologies allow for higher throughput of samples, as well as performing
more than one genetic test in one assay, greatly lowering costs of reagents and manpower.
Many testing laboratories are seeking to be as complete as possible, providing all available
genetic tests for any given species. However, in the zeal of competition, a few genetic tests
that are offered in the cat do not have sufficient scientific support. Any genetic test should
have a publication that can be referenced to determine the genetic sequence surrounding the
mutation, and provide the statistical support for the accuracy of the mutation for conferring
disease or the trait of interest in specific breeds and populations. Published abstracts are not
peer-reviewed articles and do not have sufficient information to determine the accuracy of a
test, thus, abstracts are not appropriate references for genetic tests. Some universities or
researchers have spin-off companies and their discoveries may be protected by licensure or
patent, possibly never publishing the data for competitive advantage. Thus, some genetic
tests can only be found with specific testing companies. Currently, the patented tests for cats
include PKD, HCM, the mutations for Tyrosinase at the Color locus that confer Siamese and
Burmese style “points” and Type B blood type39. However, licensure is available for each of
these tests and the patents only pertain to the USA. Some companies will violate these
patents as the overall income to the university is generally very low, thus, the likelihood that
a university would enforce a patent would be low as the cost would be prohibitive. However,
violation of genetic test patents is not encouraged and generally considered inappropriate.

Besides patent violations, some laboratories will offer genetic tests that are not scientifically
sound to appear to gain a competitive advantage. A mutation in MYBPC3 for HCM was
reported in an abstract, but was never presented in a peer-reviewed publication. No support
for the risk this mutation confers for HCM in cats has been well documented, but some
laboratories offer the test for this DNA variant. Laboratories will post disclaimers, often
leaving the veterinarian, owner and breeder to speculate as to the tests overall influence to
the cats help.

Conclusion
Genetic testing is an important diagnostic tool for the veterinarian, breeder, and owner.
Genetic tests are not 100% foolproof and the accuracy of the test procedure and the
reputation and customer service of the genetic testing laboratory needs to be considered.
Some traits are highly desired and genetic testing can help breeders to more accurately
determine appropriate breedings, potentially becoming more efficient breeders, thus
lowering costs and excess cat production. Other traits or diseases are undesired, thus genetic
testing can be used to prevent disease and potentially eradicating the concern from the
population. Genetic tests for simple genetic traits are more consistent with predicting the
trait or disease presentation, but, as genomics progress for the cat, more tests that confer risk
will become more common. Veterinarians will have to weigh the relative risk of having a
mutation versus having disease as part of their differentials and breeders will have to
consider risk factors along with the other important attributes of a cat for their breeding
decisions.
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Figure 1. Genetic sequence for the cat “points” mutation
a) Protein sequence, b) DNA sequence. The letters on the top line are the single letter codes
for amino acids, for example, a P is proline, an N is asparagine, an R is arginine, and a G is
glycine. The top line is the sequence for a normal, non-pointed cat. The second line is the
sequence in humans, the third is the Siamese-pointed cat, and the bottom line is the sequence
for the domestic dog. c) A Dominant white Siberian cat with yellow eyes had one allele for
points but the other allele had a normal DNA variant. This variant did not change the amino
acid, this is silent. A genetic test that incorporates this sequence surrounding the mutation
for points may fail in some cats, producing allelic drop-out. The cat would have a result of
homozygous for points. All pointed cats must have blue eyes, thus, this variant was
identified and the genetic assay changed to account for this possibility in the flanking
genetic sequencing.
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