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Genetics 101

Understanding the Principles of Canine Inheritance
Whether it's eye colour or medical conditions, understanding basic inheritance factors in dogs
can go along way in helping you understand just how your pawsitively adorable new puppy
ended up with its beautiful brown eyes or a life threatening genetic illness. Although this
article is written with medical conditions in mind, the genetic inheritance factors could just as
easily apply to other virtues and faults used to select suitable dogs for breeding purposes.
A gene is the hereditary blueprint which determines what trait the offspring will possess. Many
conditions, such as hip dysplasia and other orthopedic conditions, typically follow a pattern of
inheritance where more than one gene is involved,. This is called multi-factorial inheritance,
meaning many factors must come into play for the gene to express itself in the offspring.
These types of conditions are also known to have polygenic traits, meaning that the
expression of genes is influenced by a number of factors such as nutrition, growth rate,
amount of exercise, gender, etc, and the exact genotype and mode of inheritance is often not
known.
For this reason, in the case of hip dysplasia and other orthopedic conditions, there is no
specific genetic/DNA test to determine if a breeding animal has the genes to reproduce the
condition. Breeders can’t go get a blood test or cheek swab to say if their dog is a carrier of
hip dysplasia. Instead, potential breeding dogs are evaluated by orthopedic specialists, and if
they are “clear” of having a condition themselves, there is far greater likelihood their offspring
will also be clear. And even more so if their parents, and their parents before them and so
forth, were also tested clear.
The same inheritance patterns apply to many cardiac conditions and eye problems as well.
Their genetic inheritance is commonly known to be multi-factored, and so dogs used for
breeding should be evaluated and cleared by canine ophthalmologists and cardiologists,
thereby increasing the likelihood their puppies will also be clear.
Although such “clearances” in the case of multifactored inheritance cannot ever guarantee that
your puppy will not end up with a genetic disorder, it does give you a fighting chance, a head
start, so to speak, and a far greater likelihood that the puppy you purchase will not have
problems if the parents themselves (and their parents before them) do not have conditions
known to affect the breed. That is the importance of getting “clearances” on breeding dogs.
The Other Side of the Coin
There are other disorders however, for which specific DNA testing is available for certain
conditions in specific breeds. These DNA tests determine if a dog is CLEAR, CARRIER, or
AFFECTED for diseases such as thyroid conditions, skin diseases, bleeding disorders, and
some musculoskeletal or neurological disorders, for example. Part of being a responsible
breeder is not only getting these tests, but understanding about the inheritance of these
conditions when breeding dogs.
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For those conditions which have specific DNA tests to determine CLEAR, CARRIER, or
AFFECTED dogs, the inheritance factors are known as to whether a puppy will or will not be
affected.
With some disorders, the inheritance factors are straight forward. The genes are either
dominant or recessive. With dominant genes, all it takes is one parent to have the disorder for
it to show up in the offspring. These dogs are AFFECTED, and they will reproduce the
condition in roughly half their puppies. Responsible breeding practices demand that dogs
AFFECTED with an inheritable medical disorder are not ever used for breeding.
It takes TWO to Tango!
A recessive gene is a little more complicated. A dog might not actually have the disorder itself,
but they can carry the gene to reproduce it their offspring. These are known as CARRIER dogs,
and for puppies to be affected, BOTH parents would have to be carriers, in which case,
approximately 25% of their puppies will be AFFECTED.
Recessive genes are the most common form of inheritance of medical conditions in dogs.
They are hidden genes in a sense. The dog doesn't actually have the disorder, but they may
carry it in their genes. This is where DNA tests are important to determine whether a dog is a
carrier of a certain disorder to ensure that two carrier dogs are not ever bred together.
Some breeders will breed dogs that are CLEAR BY PARENTAGE – meaning both of the dog's
parents were tested as CLEAR, and therefore all of the offspring MUST ALSO BE CLEAR. This is
genetically true, but an understanding of inheritance factors is required when breeding CLEAR
BY PARENTAGE dogs in subsequent generations.
The best breeding practices involve breeding CLEAR to CLEAR dogs - meaning neither parent
has the disorder, nor do they carry the genes to reproduce the disorder. In cases where
CARRIER is bred to CLEAR, puppies will only ever be carriers themselves and not be affected
by the condition.
Peace of Mind
Take your time, do your research, ask the breeder about the testing of their dogs. And if they
don’t test their dogs and get clearances, then you might want to consider whether you want a
puppy from that breeder as opposed to a puppy where the breeder has at least attempted to
reduce, or eliminate in some cases, the chances of a genetic disorder occurring in the puppy
you want to bring home and love.
This article is printed with the express written permission of the authors of the website: www.canine-canada.com
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The Rising Storm: What Breeders Need to Know about the Immune System

by C.A. Sharp
Winner of 2002 AKC/CHF Golden Paw Award First published in the Aussie Times, May-June 2002

A complex and threatening storm is gathering on horizon. Reports of immune-mediated disease are on the rise in
Australian Shepherds, as well as other purebred dogs. In magazines, on Internet discussion lists and at
gatherings devoted to dogs autoimmune disease and allergies are regular topics. Immune-mediated disease
results from excessive or inadequate action by the immune system. But what do we know about this rising storm
of health problems, and is there anything breeders can do about it?
What is Happening Here?
Mix-breed dogs and other species, including humans, have also experienced apparent increases in immunemediated disease. Two factors are increased knowledge about the immune system by the scientific community
and improved awareness on the part of the general public in the wake of the AIDS crisis. We know a lot more
today about how the immune system works and how it fails than we did only a couple decades ago.
Proper diagnosis of some of these diseases was once difficult. The presenting signs of diseases like thyroiditis
are also seen in a variety of other conditions. Today improved knowledge and technology enable veterinarians to
make more accurate diagnoses. Coupled with this, present day dog owners are more likely to take an ailing pet to
the vet for conditions that do not present an obvious or immediate threat than was often the case in decades past.
Both the increase in numbers of dogs being seen and improvements in veterinary medicine have without doubt
contributed to the apparent increase in immune-mediated disease.
However, not all the increase is an artifact of better reporting. Environmental factors also play a role. We and our
dogs are exposed to potentially irritating substances ranging from food preservatives to cleaning solvents to
garden chemicals which our grandparents, not to mention our dogs great-great-grandparents, never encountered.
Some of these substances have been shown to affect various bodily functions, including that of the immune
system. Our technological culture has made changes in our environment that would never occur in nature and we
are only beginning to understand what is going on.
Vaccines are a part of this technological effect. Over-aggressive administration of vaccines can compromise
immune function. However, the benefits of vaccination far outweigh the risks. The "core" diseases for which we
commonly vaccinate our dogs, like distemper and parvo, can be fatal. Dog owners should not avoid vaccinating,
but should work with their veterinarians to implement a vaccination protocol that gives the dog sufficient
protection from infectious diseases without vaccine over-use. Vaccination should be administered only if a dog is
at risk for that particular disease and adequate intervals should be left between vaccinations so that the dog’s
immune system is not overwhelmed. Over-vaccination has been implicated as a possible cause of autoimmune
hemolytic anemia.
Nutrition can also affect the efficiency of immune system function. Deficiencies in Vitamin E or selenium, a trace
mineral, can result in a deficit of immune competent cells. These substances aid body mechanisms that
counteract damaging free radicals that arise from normal metabolic functions such as breathing. As your dog
ages, its immune system becomes less efficient in handling free radicals. Proper levels of Vitamin E and selenium
in the diet can help the immune system function as well as possible for dogs that are sick or old.
Most commercial dog feeds and the commonly used raw diets have sufficient selenium but may be lacking in
Vitamin E, so supplementation may be advised. Some areas have selenium-deficient soils. (The Columbia River
Gorge in Oregon and Washington is one example). If the products that form the basis of the diet you are feeding
come from such an area, careful supplementing may be necessary. Excess selenium can be unhealthy, so follow
professional advice and label directions carefully.
But despite the improvements in diagnosis and the problems stemming from environmental conditions, a dog’s
genetic makeup has a significant part to play in how well its immune system works.
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Genetic Roots
The immune system is governed by the Major Histocompatability Complex (MHC). This group of genes is referred
to as a complex because they are all positioned close together on one chromosome. This positioning virtually
guarantees that the genes will be inherited as a unit called a haplotype. The haplotype will be passed to offspring
without the usual shuffling that occurs as genes are distributed into sperm or eggs. Every individual possesses
two MHC haplotypes, one inherited from each parent.
The MHC enables the immune system to respond appropriately to the intrusion of infectious agents, like viruses
or bacteria. It is not unique to dogs, but exists in all species of mammals. Genes within the MHC are unusual in
that they are highly polymorphic, each having many sometimes as many as 100 different alleles, or forms. There
are so many alleles it is probable that most individuals in a randomly breeding population, such as wild species,
will have unique combinations of MHC genes. It is this very lack of similarity that leads to graft-vs.-host disease in
transplant patients and why full siblings make the best transplant donors.
MHC genes also have the highest mutation rate of genes for any germ-line cell. Germ line cells are those that
ultimately produce sperm or eggs. In other genes, mutations usually confer little benefit to the individual and may
cause considerable difficulty. MHC genes mutate readily because their diversity is important to species survival.
Such extreme polymorphism is unusual. Biological systems tend to be conservative, keeping energy and
resource needs to a minimum. The simpler a system, the less prone it is to breakdown.
So why do we see all this complexity with the MHC? It is Nature’s answer to the problem of infectious disease.
The immune system must be prepared to tackle many different infectious agents. A mere handful of alleles would
not allow the necessary flexibility to face down an ever-evolving array of pathogens. In most cases, each
haplotype a dog has will differ from the other, thus increasing its odds of having something in its immune arsenal
that will work against whatever nasty bug it may encounter. A plague may kill those individuals who don’t have the
correct combination of MHC alleles to fight the disease. It may even kill a major part of a population, as happened
with bubonic plague among humans in centuries past. While each individual has only two haplotypes, the overall
population of its species will have many. Therefore, when a new plague organism comes along, as they inevitably
do, the species will survive even though some or even many individuals may be lost.
As an example, HIV-positive individuals that have considerable MHC heterozygosity meaning they have different,
rather than similar (homozygous) pairs of MHC genes are more likely to survive to 10 years without succumbing
to AIDS. On the other hand, those who are homozygous for certain MHC genes are certain to die within the same
period.
Survivors of epidemics have the right combination of MHC alleles to combat that particular infectious disease.
The same plague may occur again and again, but as time goes by it becomes less virulent because those with
inadequate MHCs will have died and been removed from the breeding population. The high MHC mutation rate
guarantees that there will be plenty of ammunition for any new plagues that occur.
MHC complexity is an excellent example of the importance of biological diversity not only among species but also
within them. All naturally reproducing species will avoid or significantly limit inbreeding. (For the purposes of this
article, the term inbreeding includes what dog breeders refer to as linebreeding.) Studies in mice have shown that
females, given a choice, show significant preference for mates with dissimilar MHCs, thereby conferring offspring
sired by those males with more flexible immune systems. Even in humans a study has indicated females have
some degree of preference for males with different MHCs, though no one argues that there are a plethora of
other considerations that strongly influence a woman’s mate choice. No studies have been done on dogs to date,
but anecdotal reports of bitches that refuse to mate with closely related dogs are not unusual. In an inbred
individual, the chance that both parents have passed on identical genes within the MHC increases. This situation
diminishes the body’s capability to mount an effective immune response. Such dogs are more prone to infections
and are more likely to suffer autoimmune disease or allergies.
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Autoimmune Disease
Every living thing, whether dog, human or microbe, will sooner or later experience ill health. The cause may be a
virus or bacterium, an injury or even old age, But that your dog’s own body might attack itself and cause serious
illness seems bizarre. But this is the case with autoimmune disease.
A bad combination of MHC genes can predispose an individual for this type of disease. Each of the more than
three dozen recognized autoimmune diseases are influenced by certain MHC genes. In autoimmune disease, the
immune system loses its ability to distinguish self from non-self and attacks the body’s own tissues
The immune system is designed to search out and destroy microscopic invaders. Its specialized cells circulate
through the bloodstream, hunting down, disabling and consuming viruses and bacteria, which they recognize by
their foreign proteins. Immune cells are genetically programmed to recognize the body’s own proteins as well as
those of the various organisms that lead their quiet and often beneficial lives on or within our dogs. But
sometimes something goes terribly wrong, resulting in immune cells that target one or more of their own body’s
tissues, or attack the various benign residents. The author has personally experienced this; her eyes have
suffered significant damage wrought by her own immune cells.
Environmental conditions can induce autoimmune disease, but a dog’s genetic make-up also plays a role. It is
vital that breeders inform themselves about common canine autoimmune diseases, how they are diagnosed and
whether they are inherited.
Autoimmune disease does not just happen; it requires a trigger, an event that starts the disease process. The
cause will be some sort of stress factor: another disease, an injury, exhaustion, exposure, emotional distress,
toxic exposures, or even something so subtle you may never know exactly what precipitated the illness.
Sometimes the result will be temporary and the autoimmune reaction will cease as the body recovers, never to
return. An example would be localized demodectic mange. The demodex mites live in the hair follicles of most if
not all dogs. In normal circumstances, they are benign residents: they provide no apparent benefit but neither do
they cause harm. Sometimes a puppy will have a reaction to the presence of these mites, resulting in localized
demodectic mange. A small, coin-sized bald spot will develop, usually on the dog’s face or forelegs. Most
veterinarians will prescribe a miticide when they diagnose the disease, but treated or not it will eventually go away
on its own. (There is another, more virulent, form of this disease that will be discussed below.) The disease is
brought on by a temporary compromise of a young immune system still learning how to do its job. Once the crisis
is past, the disease will go away.
In most cases, there will be no sequel, but the author is aware of one dog that had localized demodex mange as
a pup and went on to develop lupus in later life. Early autoimmune reactions may, in some dogs, indicate an
inherently faulty immune system. If a dog with localized demodex has relatives who have also had it or relatives
with chronic autoimmune disease, the mange could be a precursor of things to come.
Of greater concern, especially to a dog breeder, are the chronic, genetically influenced forms of autoimmune
disease - the ones that, once started, will be a health concern for the balance of the dog’s life. Chronic
autoimmune disease is multi-factorial, meaning several things must happen for an individual to become ill. First,
the dog must be genetically pre-disposed via the makeup of its MHC. The genetically predisposed dog must then
experience a trigger. A dog which never experiences a trigger will never develop disease even though it has the
necessary genes.
While the affected dogs may be relatively free of symptoms when the disease is not active, there will be
continuing flare-ups even with treatment. Some autoimmune diseases are readily identified, but others can be
difficult to diagnose as they mimic other conditions. Diagnostic tests are available for some, but not all. These
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diseases cannot be cured and require life-long treatment for the affected dog. Sometimes they are fatal.
Steroids are a common treatment for many autoimmune disorders. These are medications that can have serious
side effects if taken in large enough doses or administered constantly over an extended period of time. Nonsteroid medication may not be available for some diseases. There may come a point where the disease ceases to
respond to one or all medications though most dogs can be maintained in reasonable comfort with proper
treatment.
These diseases usually do not appear until the dog is a young adult. Sometimes they will arise later in life. It is
very possible affected dogs will have been bred prior to the disease becoming known.
The Major Autoimmune Players
Theoretically, any body system or tissue could fall prey to an autoimmune attack. In practice, however, there are
some diseases that occur more frequently than others. The following are those most commonly encountered in
Australian Shepherds:
Thyroiditis is the most frequently reported autoimmune disease in dogs, both purebred and mongrel. The slow
and eventually total destruction of the thyroid gland can cause a wide variety of signs in the affected dog, with the
most common being hair loss with thickened oily skin, obesity and lethargy. Less frequently, affected dogs may
develop other problems, including reproductive failure, seizures and corneal dystrophy. Sometimes these dogs
will not display any of the more classic signs of hypothyroid disease. All of these signs might also be the result of
other conditions, so a thorough veterinary exam is indicated. Blood panels can be done to diagnose this disease,
as well as identify probable carriers, but the tests do not always yield black and white results and may need to be
repeated at intervals.
Lupus comes in two forms. The less serious is discoid lupus, a skin disease resulting in hair loss and crusty,
irritated areas of skin, usually on the face and head. Discoid lupus can advance to the more serious form, lupus
erythematosus, a systemic disease. Dogs with systemic lupus can suffer a variety of problems. Other
autoimmune diseases, including hemolytic anemia and thrombocytopenia can be secondary to systemic lupus. In
serious cases the disease can prove fatal. Lupus can be diagnosed with a biopsy but there is no screening test
that will reveal carriers or affected animals that have yet to become symptomatic.
Generalized Demodectic Mange Sometimes a dog’s immune system will be incapable of accepting the
presence of demodex mites and will repeatedly react to them, with affected areas spreading across the body.
Untreated, the entire skin surface can become involved and severe secondary bacterial infections may develop, a
miserable and likely fatal state. Diagnosis is made on the appearance of the lesions and case history. There are
no screening tests.
Myasthenia Gravis In this disease the immune system targets the motor end plates: the connection between the
nerves and the voluntary muscles. Affected dogs tire easily and may stumble for no apparent reason. They often
also have megaesophagus. Vigorous exercise may bring on collapse and severe attacks can mimic toxic
exposure. The disease can be acquired, but is more likely to be inherited. There is no screening test.
Other autoimmune diseases seen less frequently in Aussies include pemphigus, Vogt-Koyanagi-Harada
(uveodermatologic) Sydrome, Addison’s Disease, idiopathic thrombocytopenic purpura, inflammatory bowel
disease, diabetes mellitus, and glomerulonephritis.
The author’s own family provides an example of the familial effect of autoimmune disease. As mentioned
previously, the author suffers from an autoimmune eye disease, her sister has lupus erythematosus, her brother’s
daughter has rheumatoid arthritis, and her other sister’s daughter has inflammatory bowel disease. All these
diseases are different but all are autoimmune, indicating that the author’s parents had an unfortunate combination
of MHC haplotypes to pass on to their offspring. Based on her mother’s extensive family genealogical studies, the
author is confident that her family is not inbred. Unfortunately, Aussies and other purebred dogs generally are.
The more inbred a population is, the more widespread the incidence of autoimmune disease can be.
Allergies
Dogs also get allergies, just as we do. Like us, dogs can have respiratory or digestive problems caused by
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allergies, but most likely they will itch. Allergic reactions are rarely fatal for dogs, though they are a persistent
nuisance and, for some especially sensitive dogs, a source of ongoing misery.
A severely allergic dog may itch constantly, damaging its skin and coat with continual scratching, biting and
rubbing. The skin damage may result in secondary bacterial and yeast infections. An allergic dog may also have
chronic and occasionally severe respiratory or digestive problems. Or, in the worst-case scenario, succumb to
anaphylactic shock. However, with proper diagnosis and treatment, most dogs can live in relative comfort.
Allergies are the physical expression of the immune system’s over-reaction to substances, called allergens.
Allergens are not normally irritants and will not bother a normal individual. Allergens can range from pollens and
moulds to common food items. Flea bite dermatitis is the most common canine allergy; the allergen involved is
the saliva of fleas.
Allergies are often discussed in the media, heightening our awareness and sometimes prompting us to call
something an allergy when it really is not. Diagnosis of canine allergies should be made by a veterinarian; not
through the owner’s assumptions.
Even though allergies generally don’t develop until a dog is at least six months old, allergen exposure usually
takes place before four months of age. An allergy does not develop unless there has been prior exposure, which
allowed the immune system to recognize the allergen and decide that it needed to be attacked if encountered
again. This attack upon subsequent exposure is what causes the allergic reaction. Exposure can occur through
breathing or eating the allergen or getting it on the skin.
Environmental factors that contribute to allergies include not only exposure to allergens, but parasite load and the
administration of vaccines. If a dog has parasites, the immune system will react to their presence. The greater the
parasitic load, the greater the stress on the dog’s immune system. This can lead to severe allergic reactions if the
dog is also exposed to allergens. Fleas are the most problematic parasites where allergies are concerned, but
heartworm and intestinal parasites can also set the dog up for allergy attacks.
Both killed and modified live vaccines are potentially allergenic, though for very different reasons. Killed vaccines
contain chemicals called adjuvants that enhance the efficacy of the vaccine without exposing the dog to the
pathogen. The adjuvants can cause an allergic reaction. In the modified live vaccines, the toxins produced by the
pathogen are what cause the reaction. One should keep in mind that in both cases, the vaccines are not the
cause of the allergy, but the trigger. A dog must be genetically predisposed to allergies for the reaction to take
place.
Atopic dermatitis, a hypersensitivity reaction of the skin, is the second most common form of allergic reaction in
dogs. When a dog is exposed to an allergen, usually by inhaling it, the immune system begins producing
Immunoglobulin E (IgE), a special type of cell designed to target the allergen. The IgE activates mast cells that
release several different substances including histamine, a chemical that causes itching, inflammation and
swelling. Most mast cells are found around the feet, ears and anus so allergic reactions of the skin appear more
commonly in these areas. If the skin within the ear is affected, the dog may also develop secondary ear
infections. Dogs may also experience allergic respiratory problems, digestive problems and eye irritation, but
these are much less frequent than the skin reactions.
Respiratory reactions include an asthma-like chronic bronchitis. Affected dogs have a dry, hacking cough that can
be brought on by exertion or by pressure on the trachea. Other dogs may have pulmonary infiltration with
eosinophilia (PIE,) an allergic reaction in the lungs. Eosinophils are a type of white blood cell, the foot soldiers in
the immune system’s army. When faced with an infection or allergen, the body produces white cells to fight it. In
PIE, the body produces too many of these cells in the lungs, causing respiratory distress.
Food allergies can manifest as digestive problems or skin reactions. In humans, food allergy is over-diagnosed.
This is probably also the case in dogs. A number of foods contain substances that can cause mast cells to
release histamine, leading to an allergy-like reaction even in a normal individual. Any food can cause reactions in
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an allergy-prone dog, but some are more likely culprits than others.
The portion of an allergen to which the immune system reacts is called an epitope. The proteins found in wheat
have over 50 epitopes, so it is not surprising that allergic dogs often react to wheat-based feeds. Affected dogs
tend to vomit within a couple hours of eating and may sometimes have loose stools. Skin reactions are not
unusual. These dogs may have difficulty maintaining weight, despite a good appetite. Severely allergic individuals
have chronic diarrhea, significant weight loss and poor coat quality. Food allergies often arise after a case of
infectious enteritis.
The most severe and potentially fatal form of allergic reaction is anaphylactic shock. It can occur after eating
something containing an allergen, an injection of drugs or vaccine, or the bite of an insect. Affected dogs will have
difficulty breathing. Their gums will be pale due to a drop in blood pressure. Immediate veterinary treatment is
necessary.
Some allergic females have fertility problems. It is uncertain whether these are secondary to the allergies or their
level of inbreeding (i.e. inbreeding depression.) Allergies may commence as early as six months and have been
reported to begin as late as seven years, though most affected dogs will have shown signs by the time they are
two or three years old. Depending on the allergens that the dog reacts to, its problems may initially be seasonal,
but most cases will advance into a year-round condition.
The Genetic Problem
The over-all canine gene pool probably contains as much MHC diversity as it ever did. However, the division of
that gene pool into mutually exclusive sub-sets, or breeds, has guaranteed that any one breed cannot have the
full range of MHC alleles present in the species. This limiting factor is further exacerbated by standard breeding
practices such as inbreeding and the use of popular sires.
Without diversity within the MHC, the dog will catch a disease. If the disease is bad enough, the dog may die. If
there were only a few possible MHC haplotypes in a breed or species, the risk of an entire population being wiped
out by a virulent plague would be very high. The cheetah provides an example from nature. This wild cat species
went through an extreme genetic bottleneck sometime in the last ice age. All modern cheetahs are descended
from a very few individuals, possibly from a single pregnant female. Thanks to Nature’s harsh culling practices
(far more stringent than those applied by any dog breeder) the cheetah has survived, but even so it is extremely
susceptible to some kinds of disease.
But purebred dog breeds have been artificially selected to meet human needs. In recent decades that selection,
especially in show breeds or lines, has included significant inbreeding. The regular use of popular sires over
several generations can play havoc with MHC diversity. Since any individual can only have two MHC haplotypes,
if a significant portion of a breed descends from a relative few individual dogs the population may not be able to
respond effectively to the next canine plague that comes along. Nor may they be able to effectively utilize
vaccines. Rottweilers, for example, responded poorly to early parvo vaccines. This often left them vulnerable to
the disease if they encountered it. Before the immune system can mount a response to an antigen, the antigen
must be first broken into pieces inside the cell and transported to special cell surface receptors. These antigenbinding molecules are called histocompatibility molecules. In Rotts, the parvo vaccines did not work because the
body couldn’t react to it and thereby protect itself from the disease. Fortunately, the newest generation of
vaccines seems to be much more effective in this breed.
For more than a century, inbreeding has been the norm in domestic dogs. The technique is used quite effectively
to fix traits deemed desirable. This works very well with traits that can readily be observed and measured, such
as shape, size and color. It also works, though less well, with complex traits which do not lend themselves to
quantification (behavior, temperament, performance drives, etc.)
The practice of inbreeding to improve breed traits has inadvertently led to a reduction of MHC diversity within the
various breeds. When added to genetic bottlenecks due to wars, loss of popularity and other drastic populationreducing events, combined with the extensive use of popular sires, MHC diversity may be lowered to critical
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levels.
Popular sire use is especially pernicious because each such sire can have only two MHC haplotypes--nowhere
near the hundreds that exist in the canine genome. Therefore, when a significant portion of a breed descends
from one individual, those dogs resistance to infectious disease or susceptibility to autoimmune disease can be
seriously affected.
A correlation has been drawn between the coefficient of inbreeding (COI) and MHC heterozygosity. The COI is a
measure of how inbred an individual is. Individuals with low COIs (less inbred) are more likely to have two
different MHC haplotypes.
Indications of MHC homozygosity are not always as obvious as an Aussie’s susceptibility to autoimmune
diseases like thyroiditis or a Rott’s inability to react to parvo vaccine. Sometimes the effects are quite subtle. The
dog may be a poor keeper. Or it may be sickly, catching one minor infection after another, but never coming down
with anything really serious. Or it may be unable to shake an infection in spite of diligent treatment.
What to do?
While homozygosity of some genes is desirable, particularly those for breed traits like physical type or character,
it clearly is not where the MHC is concerned. Most important breed traits are already fixed one doesn’t see a
purebred Aussie that looks like a Chinese Crested or trails with the obsession of a Bloodhound. Aussies look and
act like Aussies, however much we quibble over the fine points. Given that, breeders must give the prevention of
immune-mediated disease a much higher priority, maintaining MHC heterozygosity through reduced inbreeding
and not using individuals with chronically impaired immune systems
Unfortunately, there is no way for a dog breeder to determine what MHC haplotypes his breeding stock have.
However, there are several steps he can take to limit the risk of producing dogs with immune-mediated disease.
First, no dog affected with chronic autoimmune disease or serious allergies should be bred. If an animal is being
maintained successfully on medication, the breeder should not delude himself that it is “cured” and the disease is
not a problem. The sickly and poor keepers should also be removed from breeding programs. At all costs, avoid
the over-use of any individual dog, no matter how fine a specimen it might be.
When making breeding decisions, the breeder should avoid crosses that increase the COI above that of the
parents and, wherever possible, seek to reduce it. Breeders should be aware of their dogs’ COIs. To detect
inbreeding that is not apparent in the common three- to five- generation written pedigrees, the COI should be
calculated over several more generations. How many generations depends on the genetic history of the breed,
but for most, including Aussies, ten will be adequate. If the COI is high (12.5% or more), mates should be
selected which will give a COI in the puppies that is lower than that of the parent with the family history of
immune-mediated disease. No matter what the COI, any dog from a family with these diseases should be bred to
mates whose families do not.
Neither parents, siblings nor offspring of affected individuals should be bred back on the affected pedigree.
Members of affected families used for breeding should be paired with mates from families free of disease.
Breeding pairs should be selected that produce puppies with a lower COI than that of the parent from the
autoimmune affected family. This will increase the probability of diversity in the MHC. The closer the relationship
between an individual and its affected family member, the more care should be taken in mate selection as
regards this kind of disease.
If an individual dog has produced multiple cases of autoimmune disease or allergies, especially in different and
relatively unrelated mates, serious consideration should be given to withholding it from further breeding. Crosses
that produce autoimmune disease or allergies should never be repeated.
If there is significant risk that a particular dog may develop autoimmune disease
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or allergy, as is the case with the siblings or offspring of one already affected, it would be wise to hold off breeding
that dog until it is 3 or 4 years old to be reasonably assured it will not develop disease.
As with any inherited problem, breeders would do well to record as much information as possible on the allergy
and autoimmune disease status of numerous relatives of the dogs they intend to use for breeding. This includes:
his sisters and his cousins and his aunts: those dogs not directly on the pedigree. The more affected family
members a dog has, the more likely it is to develop allergies or produce young who will. If screening tests are
available for a disease that is frequently encountered, such as thyroiditis they should be used, as should
screening tests for diseases that have occurred in a dog’s family.
It is up to us
The storm is upon us and will not soon dissipate. Due to the complex nature of immune-mediated disease, its
total eradication is unlikely in the foreseeable future. Potential impact on breed health is great. Even though we
lack the ability to eliminate this kind of disease, damage control must be instituted. We can shelter our dogs from
this rising storm if we commit to working within our own breeding programs and in cooperation with fellow
breeders to make that reduction a priority. While no breeder can guarantee he will not produce a dog affected
with immune-mediated disease, with good record keeping, diligence and foresight the risk of producing these
costly, potentially devastating, and sometimes-fatal diseases can be significantly reduced.
I hope your readers find the article interesting. There are more of my articles available on our website:
www.ashgi.org/articles/gen_info.htm
Regards
C.A. Sharp, Pres.
(A DNA test for immune system variations is now available; it is the DLA-diversity test, available from
Genoscoper and from Dr. Kennedy. See articles below.)

Following the publication of his study on standard Poodles, SA, and genome diversity,
addressed to the Question and Answer internet session with Dr. L Kennedy and himself.
Letter to PCC members from Dr. Pederson:
Dear Mary Jane: I will not be able to join your chat session tonight, but there is something that I would
like to say. It should be apparent, without going through pointless arguments about inadequate sample
numbers or randomness, that Standard Poodles are highly inbred and that most of the breed is built
around one blood line. However, it should be noted that many other breeds are in the same situation.
Inbreeding in its own right is not necessarily bad, especially if you are keeping the basic structure of the
dog relatively normal. Breeding to extremes when dealing with breeds whose conformation has been
drastically altered is the worst kind of inbreeding. The conformation of Poodles is not drastically altered.
Therefore, inbreeding is going to have two major effects on poodles: 1) it can capture and emphasize
any simple Mendelian genetic trait that might arise spontaneously, and 2) it will increase the incidence of
allergic, inflammatory, and autoimmune disorders. It will not usually cause immune deficiency, because
any dog that is genetically immunodeficient is a dead end. Inbreeding usually does not cause a
decrease in lifespan, except in breeds where extreme conformational changes lead to conditions such
as severe osteoarthritis or health problems that stress the body (such as breathing problems in
bulldogs). It also does not seem to effect disorders such as cancer. The worst case scenario for
inbreeding as that you breed your dogs into a corner. Every individual is the same and every individual
suffers a number of behavioral and disease problems, some of which may be breed specific, that make
them no longer acceptable as pets and indeed is inhumane. Standard Poodles have not yet reached
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that point, but the rising problems with immune related phenomenon and the increase in the number of
simple genetic defects is ominous. Genetic diversity must be restored to the breed by as many methods
possible, but it has to be done scientifically. DLA testing is not the sole answer, because the effects of
inbreeding on immunity are not just concentrated in this one region. Moreover, if 90% of Standard
Poodles share a similar DLA, breeding to minor DLA types could actually be catastrophic because you
would be losing much of the remaining genetic diversity present in other parts of the genome in the
process. Therefore, the question becomes - how can genetic diversity be restored and maintained? It
cannot be done with pedigrees, which have become merely names and numbers, and of little genetic
value. The first task is to develop simple tests that accurately measure genetic diversity across the
genome and not in one region or regions. Such a test is necessary to maximize genetic diversity in
matings and to maintain it in the offspring. This can be done in conjunction with parentage testing, which
is far superior to pedigrees in assuring who is the sire and who is the dam. The second task is to
inventory the breed around the world, and closely related breeds, for their genetic diversity and to
determine how all of this new diversity can best be put to use. As for finding a genetic association for
diseases such as SA and Addison’s, this will not be a simple task, and might be nearly impossible at this
point. These are not simple Mendelian recessive traits as first portrayed, but are traits that involve many
genes and where heritability is incomplete and epigenic* and environmental triggers play an equal or
greater role than the genes your dogs are born with. Unless you can find definitive genetic associations
for diseases like SA, Addison’s, periodontitis, diabetes, hypothyroidism, autoimmune anemia or
thrombocytopenia, chronic active hepatitis, etc., you will be faced with doing things that will reduce risk
of these diseases, rather than eliminating them altogether. If breeders still seek a genetic marker for
these diseases, they must be willing to raise the money and contribute the case and control samples
necessary for the task. There are still alternative search methods that should be tried before throwing in
the towel, but they will also take time, money, and a much larger number of case samples than have
been provided heretofore. Previous successes with simple genetic traits have given everyone the
feeling that there are easy solutions and tests for any new problem that may arise. You are dealing with
diseases at this point that are far more difficult challenges, as already is being discovered by human
geneticists working on these same diseases. The first task is to develop simple tests that accurately
measure genetic diversity across the genome and not in one region or regions. [proposed STR whole
genome test] Such a test is necessary to maximize genetic diversity in mating
– Dr. Pedersen
DEFINITIONS & EXPLANATIONS: (editing help from MJT Weir)
“The difference between genetics and epigenetics can probably be compared to the difference between writing and reading a book. Once
a book is written, the text (the genes or DNA: stored information) will be the same in all the copies distributed to the interested audience.
However, each individual reader of a given book may interpret the story slightly differently, with varying emotions and projections as they
continue to unfold the chapters. In a very similar manner, epigenetics would allow different interpretations of a fixed template (the book or
genetic code) and result in different read-outs, dependent upon the variable conditions under which this template is interrogated.” Thomas
Jenuwein (Vienna, Austria)
The difference between inbreeding depression and immunodeficiency = “inbreeding depression” refers to a breed population as a whole ,
which experiences subtle onset of reduced breed average longevity, fertility and increased rates of disease. “Immunodeficiency” refers to
an individual which experiences “An innate, acquired, or induced inability to develop a normal immune response.”. (the free dictionary).
Think human bubble children. *The Swedish Kennel Club already marks the “base-narrow jaw" as a disease arising from the breed
standard. Referring to the UK Poodle standard, Dr. Lucy Asher et al found a number of veterinary treatable conditions which could be
traced back to the breed standard. (Inherited defects in pedigree dogs, Pt 1. Veterinary Journal 182 (2005))
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Why they can’t find a test for Addisons or SA.... by Mary Jane T. Weir
Dr. Pedersen's research into finding a test (or why we can't find a test!) for SA was published in late April.
Essentially, Addison's is an immune-mediated disease, and earlier efforts to find it (Uppsala and UCDavis) traced
to the immune system. Dr. Pedersen's research, confirmed by separate research into SP immune system
diversity by Dr. Kennedy at Manchester, has established that 94% of Standard Poodles carry an identical version
of the immune system.
The result for research is that they cannot find sufficient dogs with different immune systems (38/412 found to
date) to act as controls. Therefore, they cannot use the new lab array systems to find any immune-mediated
disease in SPs (unless it is caused by a single gene only).
In addition, Dr. Pedersen used the PCAF's survey of disease in Poodles (2010) and found 2.5% affected for AD
and 2.7% affected for SA. In general terms, over 2% affected for a polygenic, immune-mediated disease indicates
that the disease may be "fixed" (i.e. carried by so high a percentage of the breed that breeders are unable to
avoid it.)
Dr. Pedersen indicates that a minimum of over 2600 controls would be needed to find these diseases - if they are
on the main immune system variation - and at present, we have found only 38.
Dr. Pedersen and Dr. Kennedy combined forces to see if Miniature Poodles could be used as controls, and that
research said no - they were now too different to compare well.
The next stage is: Drs. Pedersen and Kennedy are trying to develop a "whole genome diversity test", using STR
markers from more than the immune system, in order to find any SPs who are essentially diverse - but may not
be in their immune system ( expanding one immune system diversity test using STR markers to the whole
genome.) That effort might find sufficient dogs who are different (healthy older high COI or %Wycliffe) to use as
controls.
Essentially, mainstream Standard Poodles, probably worldwide, have been bred into a corner and it is going to
take a coordinated worldwide effort to breed them out of that corner, and it may involve breeding to Miniatures to
increase immune system diversity. In the meantime, disease rates are likely to rise. The problem is that the
moment a Sp x Mp is bred back into SP, the original "fixed" genes will be doubled, so we could be back in the
frying pan. It will require careful handling using the DLA and whole genome tests to accomplish a successful
result.
Incidentally, SPs are not alone - at least 2 other breeds have been studied and have the same problem. Judging
from previous studies such as the "Imperial study" in the UK, there are likely many more.
References:
Pedersen, Neils et al. Genetic characterization of healthy and sebaceous adenitis affected Standard Poodles
from the United States and the United Kingdom (prepublication, April, 2012)
Breeders' online modified version: <http://www.vetmed.ucdavis.edu/ccah/local-assets/pdfs/PoodleManuscript_for
%20PCA%20Fdn_breedersREV%204-26-12.pdf>
Pedersen, N. C and L. Kennedy. A genetic comparison of Standard and Miniature Poodles based on autosomal
markers and DLA class II haplotypes. May , 2012.
Caboli et al. Population Structure and inbreeding from pedigree analysis of purebred dogs (a.k.a. "Imperial
Study")

This link is to a brochure that explains the alphabet soup on blood work reports.
http://tinyurl.com/7lkkw7j
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HAS “GENETIC BOTTLENECK” BECOME “MONOCULTURE” IN STANDARD POODLES?
by Mary Jane Weir, Health Officer and President, Poodle Club of Canada
From Wikipedia:
“Monoculture is the agricultural practice of producing or growing a single crop or plant species over a
wide area and for a large number of consecutive years. It is widely used in modern industrial agriculture
and its implementation has allowed for large harvests from minimal labor. . . .
Monocultures can lead to the quicker spread of diseases, where a uniform crop is susceptible to a
pathogen. 'Crop monoculture' is the practice of growing the same crop year after year.[2]
The term is frequently borrowed for other uses, such as raising one species of livestock in a factory
farm, or even in fields other than agriculture to describe any group dominated by a single variety.”
The rise in popularity of artisan foods (meat, cheese, beer, wine and heirloom vegetables) shows the
turning away by an influential section of the consuming public from monoculture. Has that distrust
spread to the purebred dog?
When the late Dr. John Armstrong pointed out the existence of the genetic bottleneck based on the five
Wycliffe founders twenty years ago and asked Standard Poodle breeders to reduce the inbreeding in
their breeding programmes, to their great credit, they responded by doing so. Breed average COI
(Wright's Coefficient of Inbreeding) came down over the next two decades. (For a graph , see <http://
www.standardpoodleproject.com/Standard%20Poodle%20Population%20Statistics.htm> Many
breeders felt relieved, but those involved in tracking disease rates within the Standard Poodle began to
be seriously alarmed, especially by the rise in reported cases of Addisons by 2005. However, for most
breeders, what they knew was that the breed average COI had been reduced and they still had
bloodlines which produced winning show dogs and desirable pets. The rising popularity of the “doodle”
should have been a warning signal that all was not well in the Poodle patch. These crossbreds
(especially the Goldendoodle and Labradoodle) were marketed as having “hybrid vigour”, avoiding the
diseases which affected both purebred breeds. In the consuming public's mind, purebred dogs,
including the Standard Poodle, were gaining a reputation for poor health. Individual Standard Poodle
breeders could point to the majority of their bloodlines being healthy and long-lived – but the public's
perception differed. Unfortunately for those of us who love the Standard Poodle, DNA research into the
dog's immune system in the past decade has supported the public's perception that purebred dogs are
dangerously inbred and unhealthy, as a result of past systems of breeding which were successful in
producing “cookie cutter” litters, but which were also producing immune systems working at less than
full potential. (For an explanation of how that happens, read Dr. Heather Lorimer's article “Inbreeding
and its effect on the immune system” <http://pawpeds.com/MCO/mchs/articles/lorimer.html>
The key to this understanding of the immune system is a DNA test called DLA (Dog Leucocyte Antigen
class II) In 2007, Dr. Lorna Kennedy at Manchester University found only 3 variations of the immune
system in the Standard Poodle. By 2010, she had added 1 more and 2 “one-offs” for a total of 6. The
Poodle Club of Canada approached her to mount a study which would attempt to expand the number of
variations found in Poodles, starting with the Standard Poodle. By 2012, the number found in Standard
Poodles had increased to 19, but the distribution of these variations was extremely uneven. <http://
www.standardpoodleproject.com/New%20- %20Poodle%20MHC%20DLA%20Class%20II
%20Haplotypes.htm> The situation was further complicated because at this point, the researchers do
not know if specific rare variations (haplotypes) are rare because they were not carried by the Wycliffe
founders, or rare because they have been bredaway from in efforts to avoid disease. However it
happened, Dr. Kennedy found that 88% of the Standard Poodles tested carried the same variation.
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At nearly the same time, Dr. Neils Pedersen of UC Davis published his investigation into the Standard
Poodle genome in an effort to find the genes for Sebaceous Adenitis.
<http://www.vetmed.ucdavis.edu/ccah/local- assets/pdfs/PoodleManuscript_for%20PCA
%20Fdn_breedersREV%204-26-12.pdf>
He combined with Dr. Kennedy to use both sets of samples and compare SA-affected Standard Poodles
and non-SA-affected in both the USA and UK. He used a number of different tests to compare his
samples but found no difference between the affected and non-affected groups, except that the SAaffected were more inbred in samples which were showing a high rate of inbreeding overall. In his
analysis, 94% of the samples carried the same main immune system variation. His conclusion was that
researchers could not find the genes for SA because it was probably so widespread ,“fixed” in the breed
that no difference would turn up in analysis of Standard Poodle samples.
Monoculture, anyone?
The group of breeders who formed the Standard Poodle Project have committed themselves to
preserving the rare variations – and to tracking the health of their dogs, so that researchers will have an
opportunity to see if these variations are rare because of disease or not. They are using the Poodle Club
of Canada's online Health Survey to keep lifelong records for these dogs and their progeny.
<www.pcchealth.ca/main.html>. They are the “seed savers” of the Standard Poodle world. Interested
readers can view their website <www.standardpoodleproject.com> or join the StandardPoodleProject
yahoo list to join in the discussion. Keep yourself informed, because new study results are published
every year.
So where does the Standard Poodle breeder go from here?
The first need is to track the health of your breeding programme. The Poodle Club of Canada's online
Health Survey (see above for the link) is a useful tool for that purpose, and it is confidential. Because
immune-mediated diseases require an environmental trigger, as well as a genetic source, those
breeders who turn up immune-mediated diseases such as allegies, “touchy tummies” on up to Addisons
and SA in more than one environment can be pretty sure they have the genetic component extensively
in their bloodlines. Health and vigour of the dogs you breed needs to become a high priority. However,
“Health” is more than health tests. Breeders need to pay attention to the small signs of a vigorous
immune system in the whelping box - ease in nursing, rapidity of development, age eyes open etc. One
common factor among those few breeders who have been proven by DLA test to have maintained more
than one immune system variation is this attention to “vigour” . Reporting of disease is essential, either
to Health Officers , to the Health Survey or to the Poodle Health Registry. There is no excuse and we
desperately need the information to track how we are doing in reducing health problems. Reporting is
every breeder's responsibility to the breed and its future.
The next step for all breeders of Standard Poodles is to pay attention to the estimated % Wycliffe
(over 15+ generations) in their breedings, which can be found listed for current Standard Poodles at
the Poodle Health Registry database <www.phrdatabase.org>. Dr. Kennedy found consistently that over
a threshold of 40% estimated Wycliffe, 90% of the samples inherited the same immune system variation
from each parent. So, even without using the DLA test, breeders can stack the odds in favour
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of a fully functioning immune system by bringing that overall % Wycliffe down below 40.
The hardest idea to accept will be that “cookie cutter” litters and one single show type are indications of
monoculture and a lack of diversity in the Standard Poodle genome. The written breed standard can be
interpreted in a number of ways (as witness judges' decisions on succeeding show days!). It will be
better for the breed if we learn to analyze which parts of the Breed Standard are essential to the Poodle,
and which are open to interpretation – that should produce a lively discussion! The Poodle historically
was a “jack-of-all-trades”, a versatile dog with many uses. Logically, both structure and temperament
should , within the overall aspect of Poodle, reflect the various uses of the breed. Logically, not every
Poodle should have the same outline, the same proportion, the same bone mass. We as breeders must
learn to celebrate diversity as part of the heritage of our breed.
Finally, if we breeders are to set the Standard Poodle back on the track to good health, we must be
prepared to work with our colleagues worldwide to preserve the few different bloodlines and to use the
current and future DNA-diversity tests to reconstruct that which we have lost over the past 50 years. It
will be neither easy nor comfortable for most of us, but our Poodles depend our help and are worth it.

Genetic Diseases in Poodles Christine M. Scruggs, VMD Copyright 2004
This article will focus on the known heritable diseases in all three varieties of poodle, as well as current
information on mode of inheritance, if available, and any updates on clinical signs and treatments. If
any readers have updated information not included in this article, please respond by email to
tivin@myeastern.com. The following diseases will be covered: Addison’s disease, Cushing’s disease,
cerebellar abiotrophy, cerebellar hypoplasia, degenerative joint disease (often manifesting in hip
dysplasia), entropion and ectropion, epilepsy, gastric dilatation and volvulus, hypothyroidism, juvenile
renal disease, Legg-Calve-Perthes syndrome, monorchid and cryptorchidism, optic nerve hypoplasia,
patellar luxation, patent ductus arteriosis, progressive retinal atrophy, sebaceous adenitis, and von
Willebrand’s disease.
Addison’s disease is otherwise known as hypoadrenocorticism, or under production of corticoids,
which are important regulatory hormones. There are two classifications of Addison’s disease: 1)
primary, in which destruction of the adrenal cortex results in inadequate levels of glucocorticoids and
mineralocorticoids, and 2) secondary, in which decreased stimulatory hormones from the pituitary gland
results in deficiency in cortisol secretion. Most dogs have primary Addison’s disease, which is theorized
to be the result of immune-mediated destruction of the adrenal glands. Clinical signs include vomiting,
lethargy, weight loss, anorexia, and bradycardia (slow heart rate). Some dogs also exhibit increased
drinking and urination and severe cases can present with dehydration and shock.
Upon presentation to a veterinarian it is important to distinguish between primary renal (kidney)
disease and Addison’s disease as clinical signs are very similar. Addisonian patients will typically have
secondary renal failure but will respond to intravenous fluids. It is important during the initial
presentation to administer steroids as well as potassium-free intravenous fluids as these are the items
an Addisonian patient is lacking. The steroids and fluids will treat for shock. The good news is that an
Addisonian patient will respond quickly to appropriate treatment and a dog which the owner thought was
dying can be up and barking within a few hours or less. The most common test used to confirm
Addison’s disease is the ACTH stimulation test in which cortisol levels are measured before and 1 hour
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after the injection of an adrenocortical stimulating hormone. Addison’s disease can occur at any age
and with either sex, although in dogs it is more common in females.
Addison’s disease is very easy to treat with monthly administration of injectible mineralocorticoids
and oral prednisone if needed. The prognosis for a normal life expectancy is good as long as the
affected dog is treated at appropriate monthly intervals. Unfortunately, the injectible medications can be
quite expensive for larger dogs, although the price has decreased over time. There is no published
genetic basis for Addison’s disease although there are at least two veterinary universities searching for
the gene or genes affected. Both standard poodles and Portuguese water dogs are involved in studies,
and the genetic basis is thought to be similar for both breeds. Addison’s disease also affects humans,
and our past president, John F. Kennedy, was an Addisonian. In the past, human Addison’s disease
often occurred secondary to tuberculosis. This is a much less common cause today. Addison’s disease
has been linked to immune-mediated problems and may be polygenic (multiple genes) in nature.
Conversely, Cushing’s disease can be thought of as the opposite of Addison’s disease.
Cushing’s is otherwise known as hyperadrenocorticism, or excess of cortisol production. There are
three categories of Cushing’s disease: 1) pituitary dependent, in which the pituitary gland secretes
excess adrenal stimulating hormone which results in the adrenal glands overproducing cortisol.
Approximately 95% of the time pituitary dependent Cushing’s disease is the result of a slow-growing
tumor , commonly an adenoma, on the pituitary gland; 2) functional adrenal tumors, usually on only one
of the two glands. The tumor on the adrenal gland does not respond to feedback signals from the
pituitary and secretes cortisol at high levels. The non-affected adrenal gland often atrophies, or shrinks,
as a result; 3) iatrogenic Cushing’s caused by excessive or prolonged administration of steroids (often
prednisone) resulting in atrophy of the adrenal glands.
Common clinical signs for Cushing’s disease include excessive drinking and urination, increased
appetite, pot-belly appearance, muscle weakness, exercise intolerance, panting, lethargy, poor wound
healing, hyperpigmentation (increased freckling or darkening) of the skin, hair loss, poor coat condition,
and calcinosis cutis (small calcium deposits in the skin). Central nervous system signs can occur in
cases which involve large pituitary tumors. Suspicion of Cushing’s disease can be seen on a general
blood chemistry panel which shows increased alkaline phosphatase (ALKP) and alaminotransferase
(ALT), both enzymes involved with the liver, as well as increased cholesterol production, increased
glucose, decreased blood urea nitrogen (BUN - kidney enzyme), and decreased thyroid hormone (T4).
The ACTH stimulation test mentioned in Addison’s disease can also be used to determine if a dog has
Cushing’s disease. However, a positive result does not tell the veterinarian which type of Cushing’s is
present. It is recommended to follow a positive ACTH stimulation test with an abdominal ultrasound to
visualize the adrenals. The ultrasonographer should be familiar with looking for adrenal glands as they
are very small and can be difficult to locate. Once the adrenal glands are visualized it can be seen if
there is an adrenal tumor present or if the glands are increased in size due to over stimulation from the
pituitary gland. There are also two other tests which can be used to diagnose Cushing’s disease – the
low dose dexamethasone suppression test and the high dose dexamethasone suppression test. Both
of these tests involve administering a specific amount of dexamethasone to the patient and measuring
cortisol levels 8 hours later.
While Cushing’s disease is less immediately life threatening than Addison’s disease, treating it
can be trickier. Treatment of pituitary dependent Cushing’s involves administering mitotane (Lysodren)
which is toxic to particular layers of the adrenal glands. The goal is to administer just enough to
decrease the production of cortisol to a normal level. If too much is administered, the dog can become
Addisonian. Administration of lysodren involves dedicated care by the owner as close observation of
the dog and multiple veterinary visits are required. Treatment of dogs with adrenal tumors can be
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successful with surgical removal of the affected gland. If both glands are affected surgery is not
recommended. Treatment of iatrogenic Cushing’s involves slowly weaning the dog off steroids.
Most Cushinoid animals do not live out the normal life expectancy. There are many side-effects
due to increased steroid production, including increased risk for thromboembolism (blood clots in the
blood vessels), renal failure, and liver disease. At this time, there does not appear to be a known
genetic basis for Cushing’s disease although it is theorized that the pituitary tumors may run in families.
One of the most hotly debated subjects amongst dog fanciers is the cause and/or genetic basis
of degenerative joint disease (DJD), also known as hip dysplasia. There is no doubt there is some
genetic basis for DJD, but it is now widely accepted that there may be multiple contributing factors
including a genetic predisposition toward poor joint conformation as well as environmental and dietary
factors. Hip dysplasia is a polygenic (more than one gene) hereditary trait that can occur in any breed
of dog as well as cats. The hip joint is normal at birth, but develops abnormally resulting in distortion of
the acetabulum or “socket” of the joint and subsequent remodeling of the head of the femur or “ball”
portion of the joint. This distortion can cause loss of cartilage, severe remodeling of the joint
architecture, and destabilization of the joint resulting in pain and inflammation.
Clinical signs include lameness, difficulty getting up or lying down, reluctance to go up and/or
down stairs, muscle atrophy, a “hopping” gait, decreased willingness to exercise, and pain upon
palpation of the joint. Diagnosis is usually made with radiographs, or x-rays of the pelvis, although
physical exam can often provide strong suspicion. Veterinarians will sometimes refer to a positive
“Ortolani sign” which refers to the ability to push the femur up and out from the hip socket and feel it
snap back into place. A positive Ortolani sign means that the hip joint is excessively lax or loose and hip
dysplasia is present. Radiographs will confirm a positive Ortolani sign and will determine the extent of
degeneration in the hip joint; this will lead to determining which options for treatment are most feasible.
Severely affected animals can show signs of DJD as early as 5-6 months of age.
Treatment of DJD can be divided into medical and surgical options. Medical options include
weight control (the thinner the better within healthy limits), pharmaceutical intervention including nonsteroidal anti-inflammatories, steroids in severe cases, dietary supplements including glucosamine
chondroitin, polyglucosaminoglycans, perna muscle and others, and a low impact exercise program
such as swimming.
When medical treatment is not enough to alleviate the pain, surgical options are also available.
These include a triple pelvic osteotomy (TPO), total hip replacement, and femoral head ostectomy
(FHO). The triple pelvic osteotomy is a surgery that can only be performed in young animals before
significant degenerative changes in the joint have occurred. The pelvis is cut at three sites – the ilium,
the ischium, and the pubis, and then rotated so that the hip joint is more stable, i.e. the femur sits more
solidly in the socket, or acetabulum. The dog must have strict cage rest for 4-6 weeks following the
surgery, and pain management is essential. Prognosis for a normal life with appropriate weight control
and exercise is good following most TPOs. This surgery is complex and does require a board certified
orthopedic surgeon. Most dogs are too old or have too much damage to the joint when DJD is
diagnosed for the TPO to be an option.
The next best surgery when necessary is the total hip replacement. This involves removing the
head of the femur and replacing it with a metal implant. Recovery also involves strict cage rest, usually
6-8 weeks, and post-operative pain management. Most dogs return to nearly full function and activity
level, with a good quality of life. Failure of the surgery can include luxation or dislocation of the implant
from the socket, loosening of the implant from the femoral site, infection of the surgical site, and
rejection of the metal implant. Most dogs can do well with only one hip replaced, although a small
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percentage of dogs do need both hips replaced, in which case the surgeries are typically done one at a
time. This surgery does tend to be quite costly, as is the TPO.
The last surgical option, sometimes referred to as a salvage procedure, is the femoral head
ostectomy. This involves removing the head and neck of the femur, or the area which usually forms the
“ball” part of the ball and socket hip joint. The fascial tissue and overlying muscle of the joint then form
a pseudoarthrosis or false joint. By eliminating bony contact between the femur and the pelvis, and
allowing formation of a false joint, pain is alleviated. There can be some loss of range of motion and
occasionally abnormal gait. It is essential that weight management and low-impact exercise are a part
of recovery and post-operative life style for the dog. As with the total hip replacement, most dogs only
require one side to be surgically altered to maintain a good quality of life.
There is no genotypic, or DNA test available to determine carriers of DJD. At this time,
prevention is encouraged by testing breeding animals with radiographic screening including the
Orthopedic Foundation for Animals (OFA) evaluations, or the PennHIP method, which are the two most
common in the United States. Canada and Europe sometimes use the Norberg angle or other methods
of screening. OFA evaluations must be done at two years of age or older, and involves taking a view of
the pelvis and stifles with the legs fully extended and the dog on his/her back. This may be done with or
without sedation. The x-rays are reviewed by three board-certified radiologists and given a subjective
rating of dysplastic, fair, good, or excellent, depending upon hip conformation. PennHIP screening can
be done as early as 4 months of age, and involves taking three radiographic views under sedation. The
x-rays include the extended view as taken by the OFA, and two additional views called the compression
and distraction radiographs. These views are taken to evaluate the laxity or looseness of the hip joint.
The x-rays are then compared and an objective measurement is taken resulting in a percentage rating
from a scale of zero to one hundred. The closer to 100%, the tighter the hips are for a given individual.
Another disease with genetic predisposition is entropion and ectropion. Entropion involves
turning of the eyelid inward, toward the cornea, often resulting in rubbing of the hair against the cornea
and causing inflammation and ulcerations. Ectropion involves turning of the eyelid outward, often
resulting in inflammation, decreased tear production, and increased irritation to the cornea and
surrounding structures. Both diseases can sometimes occur secondary to other non-genetic causes,
such as damage to the eyelid itself (insect bite, laceration), other inflammatory causes such as allergic
reactions with subsequent eyelid swelling, and infections of the eyes or ears with subsequent
inflammation and itching. If the underlying problem is not genetic in nature, resolving the primary cause
will often result in resolution of the entropion or ectropion. If the underlying cause is genetic in nature,
usually the only resolution is surgical correction. This involves trimming of the eyelid itself to correct the
conformational defect. There is no DNA test for either disease. There is a known genetic predisposition
for both diseases.
Epilepsy is a disease that affects a variety of species including humans and dogs. It is known to
be a genetic problem in all varieties of poodles and studies are being conducted to determine genotype,
or DNA markers. It is believed to be at least partially recessive in nature, but may be polygenic in some
cases. There is an ongoing study at Florida State University called the Poodle Epilepsy Project
concerning this disease in poodles. The first signs of epilepsy most commonly manifest between one
and five years of age. Clinical signs of epilepsy can range from mild seizures that the owner may not
even be aware of, to more severe seizures such as petit mal and grand mal types. Before a diagnosis
of epilepsy is determined, all other causes of seizures must be ruled out. Other common causes of
seizures include metabolic disturbances such as liver insufficiency (which may be secondary to a
vascular shunt in newborn and young animals), toxin ingestion, nutritional deficiencies, infectious
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agents, middle ear infections, and central nervous system (CNS) problems such as brain tumors or
hydrocephalis (a congenital defect in which there is an accumulation of fluid in the brain).
Typically, after a thorough physical exam, a veterinarian will run a complete chemistry panel and
blood count to rule out metabolic and toxic causes of seizures. If there is a family history of epilepsy,
genetic causes may be more likely. In many cases, family history is unknown, and a veterinarian must
rely upon available and reasonable testing. For instance, it is possible to run a magnetic resonance
imaging (MRI) or computed tomagraphy (CT) scan of the brain, but these procedures require general
anesthesia in the dog, and are often prohibitively expensive for owners. Therefore, when all other
causes of seizures have been ruled out, and CNS causes are unlikely, the patient is usually considered
an epileptic and may be put on anti-seizure medications if indicated.
The most common long term medications for epilepsy include phenobarbitol and potassium
bromide. If a dog presents to a hospital currently seizuring, the veterinarian will administer a fast-acting
anti-seizure medication, usually valium or pentobarbital. Occasionally, a patient will require a
combination therapy of both phenobarbitol and potassium bromide. It is important that, regardless of
which type of medication is prescribed, the dog’s seizures are controlled. There should also be six
month follow-up visits to measure the therapeutic level of the drug in the bloodstream as well as to
compare chemistry panels for monitoring of general organ function. Phenobarbitol and to a lesser
extent, potassium bromide, can affect liver function. Early adjustment to the drugs can also cause
increased drinking and urination, increased appetite, sedation, ataxia (difficulty walking), and
hyperexcitability. These side affects usually decrease or disappear over time, as the body adjusts to the
drug.
One of the most frightening and fatal diseases seen in poodles of the standard variety is gastric
dilatation and volvulus (GDV). This occurs when there is accumulation of gas in the stomach causing
distention, sometimes followed by displacement and torsion, or twisting of the stomach. When the
stomach twists upon itself, the major blood supply to the lower half of the body, mainly the gut, is cut off.
When this happens, the stomach, intestines, and spleen become oxygen deprived and begin to die. If
the GDV is not corrected surgically, the dog will die, often in agonizing pain.
Clinical signs for GDV include distended abdomen (often described as the size of a basketball or
bigger), difficulty breathing, white or very pale gums, intermittent retching, percussion of the abdomen
(pings indicating air filled stomach instead of fluid filled), and shock leading to collapse. Upon
presentation, the dog must be stabilized before attempting surgery. This includes decompressing the
stomach with a tube if possible, if not than with a large bore needle through the abdominal wall,
intravenous fluids, pain medications, oxygen therapy if needed, and electrocardiogram (ECG)
monitoring for heart arrythmias. Once stable, the patient can be prepped for surgery and the stomach is
rotated back into place then “tacked” (known as a gastropexy) to prevent future rotation. Occasionally,
portions of the stomach may need to be removed if the area has been deprived of oxygen too long, and
often a splenectomy, or removal of the spleen, is also performed for the same reasons. Unfortunately,
too often the GDV is not discovered in time, and too much of the gut has died to perform surgery. Even
when surgical correction is attempted, at least 50% of dogs have poor recovery rates.
The genetic basis for GDV appears to be more conformational than genotypic, i.e. there has not
been a discrete gene isolated for the disease. It is most common in large breed, deep-chested dogs.
There have been several theories on diet, feeding habits, exercise habits, etc. related to the onset of the
disease; at this time many articles have been published, some in direct contradiction of others on advice
for decreasing risks for the disease. Several veterinary universities have studied GDV in a variety of
breeds, including the poodle. At this time, there is no defined screening test available to determine if
your dog will have GDV or produce it.
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Hypothyroidism, or decreased production of thyroid hormone, is the next disease to be
discussed; it may have underlying causes in autoimmune mediated processes similar in nature to
Addison’s disease which has already been discussed, and sebaceous adenitis, which will be discussed
later. All three of these diseases are most common in the standard poodle. There is no DNA test for
hypothyroidism, although it does appear to have familial history. The most common cause of
hypothyroidism is destruction of the thyroid gland itself, resulting in loss of thyroid hormone, and display
of related symptoms.
Clinical signs of hypothyroidism include dry, flaky skin, loss of hair (particularly on the hind end),
poor hair coat, “hotspots” or skin infections, thickened skin, weight gain, and ear infections. In severe
cases the heart can have decreased contractility resulting in a slow heart rate, and neuromuscular signs
such as seizures, facial paralysis, and diffuse muscle weakness can occur. Reproductive signs include
infertility and lack of libido, as well as lack of heat cycles. Most hypothyroidism is diagnosed by running
a thyroid panel including T3 and T4 levels (types of thyroid hormone), thyroid stimulating hormone
(TSH) levels, and autoantibodies to T4 and TSH. The disease is very easy to treat, with daily
supplementation of thyroid hormone. It is also generally inexpensive, and requires lifelong treatment.
Juvenile renal disease (JRD) is a genetic problem in several breeds, including poodles, that is
heartbreaking in nature. Often associated with “fading puppy syndrome” or with the early death of a
young dog (usually under 2 years), JRD can be devastating. Clinical signs of JRD include the
unexplained death of neonatal and young puppies. Affected puppies often appear normal at birth but
then become lethargic, weak, decrease nursing, and become developmentally delayed just seeming to
fade away and die. The only way to diagnose JRD in these puppies is through necropsy, or postmortem pathological examination of the gross and microscopic changes in the kidneys, indicating renal
failure. Puppies who survive the neonatal period are often smaller in stature, display increased drinking
and urination, increased urinary “accidents” in the house and may have difficulty housebreaking due to
the volume if dilute urine produced. As the disease progresses dogs will become lethargic, exercise
intolerant with muscle weakness and wasting, vomiting, and anorexic. While a blood chemistry panel
can show renal deficiencies, the most accurate method of diagnosing JRD is with a wedge biopsy taken
from the kidneys, either surgically or with ultrasound guided biopsy.
Treatment for JRD is more palliative in nature, increasing comfort level for a period of time until
renal failure has progressed to its terminal stage. Such treatment includes a low protein and low
phosphorus diet, to decrease the work that the kidneys need to perform, as well as increased fluid
consumption, either through subcutaneous or intravenous methods, and administration of epogen when
anemia becomes a problem. It is possible to perform a kidney transplant, but organ rejection rate is
high and few hospitals will perform the procedure. The University of California at Davis Veterinary
School is working on improving the success rate of kidney transplants in dogs, and the University of
Pennsylvania Veterinary School routinely performs kidney transplants in cats, and rarely dogs. If kidney
transplant is an option the owner wants to consider, chances for a successful outcome will increase if a
sibling or close relative is available as a donor. The procedure is expensive and requires intensive care
post-operatively as well as commitment to close monitoring for the remainder of the dog’s life.
There have not been any DNA markers identified for the gene(s) involved in JRD. It is theorized
to be a simple recessive, requiring both parents to be carriers. Pedigree analysis in various affected
breeds does show that JRD will skip generations, be expressed within a litter at a typical recessive
percentage, and will recur in repeat breedings of the same sire and dam. Oftentimes a breeder may not
realize that he/she has a carrier in her line, if pet owners do not report the diagnosis or death back to
the breeder. Of the three varieties, JRD is most common in the standard poodle.
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Another orthopedic genetic disease similar to hip dysplasia is Legg-Calve Perthes disease (LCP).
In this disease the blood supply to the femoral head of the hip joint is disrupted with resulting death of
bone cells and remodeling of the joint. This leads to deterioration of the hip joint with clinical signs of
stiffness and pain. This disease appears to affect mainly toy and miniature poodles, and has conflicting
theories of being either a simple recessive or polygenic in nature. There is no DNA marker test for LCP
at this time.
LCP occurs in humans as well, affecting boys by a large percentage over girls. It is being
studied in the medical community and research for DNA markers for the human form of the disease in
underway. Diagnosis in both humans and dogs is obtained through x-rays of the hip joints, and OFA
has set up a database for breeders. As with severe hip dysplasia, surgery is the most successful form
of treatment, however non-steroidal anti-inflammatories and nutritional supplements can be of some
help in earlier stages of the disease. As with DJD, clinical signs of LCP can occur as early as 5-6
months of age but may show up as late as 2-3 years. Symptoms of LCP are very similar in nature to
DJD with joint pain, stiff gait, difficulty getting up or lying down, exercise intolerance, lameness, and
muscle atrophy.
A genetic abnormality which is not life-threatening is monorchidism (only one testicle descended)
as well as bilateral cryptorchidism (neither testicle descended). Bilateral cryptorchidism results in
sterility as sperm cannot survive in the elevated body temperature of the abdomen versus the scrotum.
Monorchids have normal sperm production in the descended testicle, but are sterile in the retained
testicle. Monorchids are able to sire puppies if bred, but there is a familial tendency to pass on the trait,
and sons of monorchids will often also be monorchid. There is no DNA marker for this abnormality. It is
recommended to neuter affected animals, and the AKC does not allow monorchids to compete in
conformation events. It is imperative that testicles retained in the abdomen be removed, as the
elevated body temperature often induces testicular cancer.
Patellar luxation is another orthopedic disease which can affect all three varieties of poodle, but is
most common in toys and miniatures. Like DJD, it is theorized to be a polygenic trait, with resulting
conformational abnormalities of the stifle, or knee joint. There are two forms of patellar luxation: 1)
medial, where the patella or kneecap luxates, or slides out of joint toward the inside of the leg, and 2)
lateral, where the patella luxates out of joint toward the outside of the leg. In either case, clinical signs
include intermittent lameness, a hopping gait with the affected leg held up and out, a bow-legged
appearance, and occasionally a knock-kneed stance. The majority of patellar luxation cases are medial
in nature.
Diagnosis of patellar luxation can be obtained through palpation of the stifle. Either one or both
stifles may be affected. There are four categories ranging the severity of the patellar luxation: 1) grade
one, intermittent luxation, in which the patella is loose in the groove of the joint, so it luxates with
palpation, but mainly stays in the correct position. Surgical correction is not necessary with grade one.
2) grade two, frequent patellar luxation, in which the patella luxates easily out of joint and stays out
when the leg is flexed. It pops back into place when the leg is extended, sometimes eliciting a yelp from
the dog. Surgical correction may be an option if the dog appears to have increasing discomfort and
frequency of luxation. 3) grade three, permanent patellar luxation, in which the patella stays out of the
groove on a regular basis, but can be replaced with digital pressure only to reluxate when the pressure
is released. The groove of the joint is shallow, and there are often abnormalities of the tibia as well.
Although many animals can walk with grade three, surgical correction is recommended as arthritis and
pain will result from instability in the joint. 4) grade four, also permanent luxation, in which there are
deviations in the tibia and the patella is permanently luxated. The luxation cannot be corrected with
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digital pressure. The dog cannot walk normally on the affected leg and it is either held upright or the
dog walks with a crouched appearance. Again, surgical correction is recommended.
The next disease to be discussed is patent ductus arteriosis (PDA), which also affects all three
varieties of poodle, but like patellar luxation is more common in toys and miniatures. PDA is also more
common in females than males. Patent ductus arteriosis is a defect in the heart in which a small blood
vessel (the ductus arteriosis) which connects the pulmonary artery (which carries blood to the lungs)
and the aorta (which carries blood to the rest of the body) does not close as it should. During gestation,
the lungs are non-functioning and the fetus gets all of its blood oxygen from the mother. Therefore, the
blood must be shunted away from the deflated lungs, which is the function of the ductus arteriosis.
Upon birth, when the animal begins to breathe air, there is a shifting of pressure in the lungs and the
ductus arteriosis should close. When there is a failure to close a PDA results, and the workload of the
heart increases. There is greater pressure for the heart to work against, and untreated, a PDA can lead
to heart failure.
Clinical signs include a heart murmur heard upon auscultation with a stethoscope, lethargy,
exercise intolerance, panting, and sometimes smaller stature than unaffected littermates. An
echocardiogram, or ultrasound, of the heart will confirm a PDA and the degree to which the heart has
become affected (enlarged ventricle of the heart muscle, dilation of the left atrium, hypercontractility).
Cardiac catheterization and angiogram of the heart are more accurate in diagnosing PDA in smaller
breeds, measuring pressure changes and oxygen saturation. There is no DNA marker in PDA, although
there is a noted familial tendency and inheritance is theorized to be polygenic.
The only treatment option for extension of life span is surgical correction. Left untreated, a PDA
will lead to heart failure and death. Surgery involves ligation, or closure, of the ductus arteriosis
vessels. Mild to moderate cases can be treated with a “coil” procedure in which a the patient is placed
under general anesthesia and a small coil is inserted via the jugular vein down into the ductus arteriosis
and then manipulated in such a manner as to close the vessel. Occasionally more then one coil is
required for complete closure. More severe cases, and cases in which the coil procedure fails, may
require open heart surgery to correct. There are many complications with open heart surgery, and most
dogs do not live a normal life span post-operatively at this time. Open heart surgery can also be
prohibitively expense to many owners. In mild to moderate cases, prognosis for a normal life span is
excellent with surgical correction prior to heart failure.
Another disease which also affects all three varieties of poodle is progressive retinal atrophy
(PRA). This is an ophthalmic group of diseases which affects the retina, or imaging layer in the back of
the eye. Over time, the size of the reflective layer of the retina increases, which the non-reflective layer
atrophies along with the optic disc. Clinical signs can occur as late as 3-4 years of age or older and
usually manifest first as decreased night vision or “night blindness” eventually leading to total loss of
vision as the disease progresses.
The most common form of PRA in toys and miniatures is progressive rod-cone degeneration
(prcd) and can be tested for by DNA markers offered by Optigen. Dogs can be identified as clear
(normal vision, cannot pass on to offspring), carriers (normal vision, can pass on the disease to
offspring), and affected (progressive blindness, can pass on the disease to offspring). PRA is inherited
as a recessive gene, thus carriers are normal appearing individuals but can pass it on to offspring if bred
with another carrier. There is no DNA test available for standard poodles at this time, although yearly
eye examinations and Canine Eye Registration Foundation (CERF) testing is available for all three
varieties. There is no current treatment to slow or stop the progression of PRA.
Optic nerve hypoplasia is another eye disease which results in blindness and may be a heritable
condition in all three varieties. At this time, it is more often reported in miniature poodles, but the mode
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of inheritance is unclear. The disease is an uncommon defect in which the optic disc fails to develop
normally, leading to partial or total blindness in the affected eye. Puppies will be born with the defect,
and may not exhibit symptoms if only one eye is affected. Puppies are very good at adjusting to one
sided vision and often compensate for the unilateral sight, appearing relatively normal. It is important to
distinguish optic nerve hypoplasia from micropapilla, in which the optic disc appears smaller but vision is
normal. There is no treatment for optic nerve hypoplasia, but whether one or both eyes are affected,
dogs can often adjust quite well relying upon their other senses.
Along with Addison’s disease, sebaceous adenitis (SA), the next disease to be discussed, is
considered to be a possible immune-mediated condition. While present in all three varieties, SA is most
often manifest in the standard poodle. There have been suggestions that SA is inherited as a simple
recessive, but it appears that the mode of inheritance is likely more complex, and may be polygenic in
nature. SA occurs when there is destruction (theorized to be immune-mediated) of the sebaceous
glands in the skin, resulting in loss of sebum (a fatty substance which lubricates the skin) and
decreased suppleness of the skin itself.
Clinical signs usually appear in young adult dogs 1 year of age or older. SA usually begins with
an increase in scale production in the skin, making a flaky or dry skin appearance. Hair loss also occurs
with a moth eaten appearance to the coat and eventually thickening of the skin with a rancid or musty
odor. If the disease is severe, total hair loss can occur with secondary infections and purulent (greenyellow) discharge, itchiness, inflammation, and pain. Diagnosis is obtained through histological
examination of a skin punch biopsy. There is an SA database, and dogs are categorized at the time of
biopsy as either clear (no evidence of SA), subclinically affected (appears normal but has some
microscopic destruction of sebaceous glands), and affected (has SA).
Treatment for SA depends on the severity of the disease and the patient’s response to various
therapies. Typically, affected dogs are recommended to be bathed weekly or every other week with an
anti-seborrheic shampoo (removes dead hair and scales), be on a fatty acid supplement for the skin,
and may include applying a lubricant to the skin in more severe cases.
The last disease to be discussed is von Willebrand’s disease (vWD), a loss of von Willebrand’s
factor, a blood clotting component, which can lead to bleeding disorders. vWD is seen in the standard
and miniature varieties of poodle, with the standard being the most common. It is also present in many
other breeds, particularly of Germanic origin, and is present in humans as well. The loss or decrease of
von Willebrand’s factor results in a loss of clotting ability and leads to prolonged bleeding times.
Affected dogs will sometimes display nosebleeds, lack of clotting when injured, and increased bleeding
during surgical procedures. It is often not recommended to spay, neuter or perform other elective
procedures on severely affected dogs only because they may hemorrhage during surgery. In general, it
is healthier to spay and neuter non-breeding animals but not in cases of vWD affected patients. If
adequate blood products are available for transfusion, surgery can be attempted in emergency
situations.
There are two forms of inheritance for vWD. The most common form is type I vWD which has
been proposed to be inherited as a trait with incomplete dominance. With incomplete dominance a
puppy will inherit the defect if either parent carries the gene, but siblings who have inherited the gene
may be affected to different extents depending upon the amount of expression of the gene. It is
somewhat like having a dimmer switch on a light source. The same switch can be turned up for bright
light or down for low light, with medium light in between the extremes. For vWD, several puppies in a
litter may inherit the gene, but depending upon the amount the gene is “turned on” or expressed, the
affectedness can range from mild to moderate to severe within one litter. It is important to note that
affected animals only need to inherit one copy of the defective gene from either parent for the disease to
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be expressed. Also, puppies which inherit one copy of the defective gene may not be clinically affected
if the gene is only mildly expressed. Puppies that inherit two copies of the defective gene usually die at
birth or in the neonatal period.
There is a genetic DNA test available for vWD through VetGen as well as a blood chemistry
assay which can determine the percentage of von Willebrand’s factor present in the patient’s blood at
the time of sampling. The DNA test identifies individuals as either clear (do not carry the defective
gene), carriers (carry one copy of the defective gene but appear normal), and affected (carry the
defective gene and express the disease). In general, dogs with vWD can live a normal life span but
may have mild to moderate bleeding episodes, especially with superficial injuries such as lacerations or
toenail bleeding. Severe bleeding episodes or traumatic injury will require veterinary care and may
result in a blood transfusion.
Overall, the poodle is no more affected by genetic problems than any other purebred dog, and
has fewer problems than some. The important point to remember is that breeders should use as many
valid genetic tests as are available on their breeding animals and pet owners should see or obtain
copies of the tests performed when purchasing a puppy. Pedigree analysis is also useful for those
diseases which do not have a genetic test available. On a personal note, I have tried to be as thorough
as possible in listing as many of the genetic disorders in poodles that have published results. If I have
overlooked current information or have not mentioned a disease that anyone feels I should have
mentioned, please contact me at the previously mentioned e-mail address. I hope this article is useful
to poodle breeders and pet owners alike.
GRATEFULLY REPRINTED WITH EXPRESS WRITTEN PERMISSION OF THE AUTHOR

[After the publication of this article, a DNA test for renal disease has been added to the OFA registries. It is a marker test for
pre-disposition and does not predict clinical disease. Inheritance mode is dominant with incomplete penetrance; research is still
on-going to find a precise DNA test for clinical renal disease. Atrial Septal Defect in the heart has also been established as
inherited in Standard Poodles and research is on-going. DNA tests for Degenerative Myelopathy (DM) and Neonatal
Encephalopathy with Seizures (NEwS) have also become available, and a DNA test for Squamous Cell Carcinoma (toe
cancer) is in the final stages of preparation. - MTJ Weir]
Pure Breeds, Mixes, & Designer Breeds By Dr. J. Bell DVM
THE CLINICAL TRUTHS ABOUT PURE BREEDS, MIXED BREEDS, AND DESIGNER BREEDS
tWe deal with genetic disease every day in our practice in pure-bred, cross-bred, and mixed-breed dogs
and cats. There is a general misconception that mixed-breed dogs and cats are inherently free of
genetic disease. This may be true for the rare breed-related disorders; but the common genetic
diseases that are seen across all breeds are seen with the same frequency in mixed-breed dogs and
cats.
There are a growing number of breed-specific genetic tests available for pure-bred dogs.
How many old mixed-breed dogs do you have on NSAIDs versus pure-bred dogs? There is no
difference genetically between an old pure-bred dog with hip arthritis and an old mixed breed dog with
hip arthritis. They both have hip dysplasia. The pure-bred dog may have received the label many years
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earlier due to early age screening, but the disease process is the same. We genetically counsel owners
of large-breed puppies to feed lower calorie foods to provide for a slower, more uniform growth rate that
does not contribute to the development of hip dysplasia.
Autoimmune thyroiditis is the cause of primary hypothyroidism in dogs. The phenotypic test to identify
affected dogs is thyroglobulin autoantibodies (TgAA).1 Based on thyroid profiles run at the Michigan
State University DCPAH, 10.7% of 55,053 mixed breed dogs tested affected for autoimmune thyroiditis.
The average frequency of affected in pure-bred dogs is 7.5%.
Mixed-breed dogs often receive health tests only after they have started showing symptoms of
illness.
This does not mean that mixed breed dogs are more prone to autoimmune thyroiditis. They are more
likely being tested due to clinical signs, while a percentage of pure-bred dogs are undergoing prebreeding screening. However, these results show us that this hereditary disorder is seen frequently in
both pure-bred and mixed-breed dogs.
As discussed in the previous hour, the most common feline hereditary disease is feline lower urinary
tract disease (FLUTD or FUS). This, and feline diabetes are seen most frequently in mixed-breed cats,
though some pure breeds have an increased prevalence.2 Autosomal dominant polycystic kidney
disease (PKD) is also occasionally seen in clinical practice in mixed-breed cats with Persian or
Himalayan ancestry.
Breed-specific genetic diseases tend not to spill out into the mixed-breed populations. Exceptions to this
however, are ancient mutations that occurred before the separation of breeds. These disease-causing
genes mutated so long ago, that the mutation (and its associated disease) is found in evolutionary
divergent breeds.
The same ancestral autosomal recessive mutation for the progressive rod cone degeneration (prcd)
form of progressive retinal atrophy (PRA) is found in the American Cocker Spaniel, American Eskimo
Dog, Australian Cattle Dog, Australian Shepherd, Chesapeake Bay Retriever, Chinese Crested Dog,
English Cocker Spaniel, Entelbucher Mountain Dog, Finnish Lapphund, Golden Retriever, Kuvasz,
Labrador Retriever, Lapponian Herder, Norwegian Elkhound, Nova Scotia Duck Trolling Retriever,
Poodle, Portuguese Water Dog, Silky Terrier, Spanish Water Dog, Stumpy Tail Cattle Dog Swedish
Lapphund, and Yorkshire Terrier.3 This list continues to grow as more breeds are discovered with the
same defective gene. The question is not, "Which breeds carried this defective gene during their
development", but "Which breeds did not lose this defective gene during ancestral development."
It is also not surprising that prcd-PRA affected dogs (who must receive the defective gene from both
parents) have been identified in Labradoodles (Labrador Retriever x Poodle crosses), Goldendoodles
(Golden Retriever x Poodle crosses) and Cockapoos (Cocker Spaniel x Poodle crosses).
Collie eye anomaly is another disease caused by an ancestral mutation that preceded the differentiation
of breeds. The same causative mutation for choroidal hypoplasia has been molecularly identified in the
Australian Shepherd, Border Collie, Boykin Spaniel, Lancashire Heeler, Longhaired Whippet/ Silken
Windhound, Nova Scotia Duck Tolling Retriever, Rough Collie, Shetland Sheepdog, and Smooth Collie.
4
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The most common hereditary diseases occur across all pure-bred, mixed breed, and designer bred
dogs. These include cancer, eye disease, epilepsy, hip dysplasia, hypothyroidism, heart disease,
autoimmune disease, allergies, patellar luxation, and elbow dysplasia. Labradoodles are being
diagnosed with hip dysplasia, elbow dysplasia, and inherited Addison’s disease; all recognized disorders
in both parent breeds.
The Goldendoodle, a "designer breed," is a cross between a Standard Poodle and Golden
Retriever.
The production of designer breeds – planned crosses between two breeds to produce offspring has
become a growing trend in commercial dog breeding. Puggles, Yorkipoos, Cavishons, and
Labradoodles, to name a few are all coming into our clinics. Owners believe that these pets will be
genetically healthy because they are cross-bred. As we treat these patients, we know that this is not the
case.
Therefore, the discussion is no longer between pure-bred and cross-bred, but between purposely-bred
and random-bred dogs and cats. There is not much that we can do about genetic transmission in
randomly bred animals, but for purposely bred animals, breeders must use due diligence to prevent
inherited disease. Responsible breeders perform genetic testing of parent breeding stock for breedsusceptible disorders.
Official test results should be made available to prospective breeders, and the pet and breeding-stock
purchasing public. This is facilitated through open health databases and genetic registries. It doesn’t
matter whether a breeder is a large commercial breeder, or only breeds once. It is no longer acceptable
to say that genetic disease "just happens.” In today’s environment, not testing for documented breedrelated hereditary diseases is irresponsible and unethical breeding.
OUR ROLE WITH GENETIC REGISTRIES
There are several genetic registries that have been established to assist breeders and owners with
genetic disease control. The Canine Eye Registry Foundation or CERF (www.vmdb.org/cerf.html) is a
closed database showing only normal eye examination results by ACVO boarded veterinarians. The notfor profit Orthopedic Foundation for Animals (OFA: www.offa.org) has semi-open registries for hip
dysplasia & Legg-Perthes disease, elbow dysplasia, autoimmune thyroiditis, congenital cardiac disease,
patella luxation, deafness, and several other genetic disorders. In addition, all normal CERF
examination results are automatically sent to, and included in the OFA database. Some of the Optigen
(www.Optigen.com) tests, if contracted by the parent club, are also automatically sent to CERF and
OFA for inclusion in their databases.
It is only through the open reporting of affected dogs and cats that knowledge of disease risk can be
identified through the test results or health status of close relatives. It is important that as veterinarians
we encourage open reporting of health results by counseling breeders to initial the boxes for open
disclosure of test results on the OFA submission forms. For many breeds of dogs tracking hip dysplasia
for example, over one-third of the applicants check the box on the OFA form for open reporting.
The days of stigmatizing conscientious, health-testing breeders who have produced dogs or cats with
hereditary disease are gone. No one wants to produce affected offspring from their matings, and no one
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should be blamed if this occurs (unless the breeder is not doing the recommended health testing). It
should be everyone’s goal to produce healthy offspring, but this is not possible if the only available
health information is about normal dogs and cats, but not abnormal dogs and cats.
The Canine Health Information Center or CHIC (www.caninehealthinfo.org) is a portal into the OFA
health database that has been established by the AKC Canine Health Foundation and the Orthopedic
Foundation for Animals. National parent clubs determine the testable genetic disorders for their breed.
(For example: hip evaluation, CERF examination, and thyroid testing.) Owners and breeders can search
online for dogs and view their test results. If a dog completes the recommended testing panel, it
receives a CHIC number regardless of whether it passes all of the tests. CHIC is about health
consciousness, not health perfection. As more testable disorders are identified, few dogs will be normal
for all tests. A similar listing of tests is not currently available for cats, however breed related diseases
are found on the Feline Advisory Bureau (FAB-UK) website: www.fabcats.org/breeders/
inherited_disorders.
If a client is contemplating breeding their dog or cat, they can look up the recommended genetic tests to
perform in their breed. Veterinarians can also assist prospective breeders by looking up and discussing
the genetic disorders, recommended genetic tests, and appropriate age for testing. Prospective
breeding dogs and cats (in either pure or cross-breeding) can be researched, and their genetic test
results, as well as that of their close relatives can be studied.
Open registries require an atmosphere of cooperation and understanding between breeders, for the
benefit of the breed. Breeding practices do not cause defective genes. If breeders are reluctant to
identify affected individuals, then the usefulness of open registries will be limited.
Breeders are the custodians of their breed's past and future. "Above all, do no harm" is a primary oath
of all medical professionals. Genetic tests are powerful tools, and their use can cause significant
positive or negative changes. Breeders should be counseled on how to best utilize test results for the
best interests of the breed. Breeders, veterinarians, and breed organizations must educate the general
public of the need to check for verification of health testing results prior to their purchasing a dog or cat.
As this happens, the overall genetic health of purposely-bred dogs and cats will improve.
This article appears in the proceedings of the 2012 Western Veterinary Conference, which took place
February 19-23, 2012 in Las Vegas, Nevada. It has been reprinted with permission from the author.
REFERENCES
1. Nachreiner RF, Refsal KR, Graham PA, et. al.: Prevalence of serum thyroid hormone autoantibodies
in dogs with clinical signs of hypothyroidism. J Am Vet Med Assoc. 2002 Feb 15;220(4):466-71.
[ed note: For Poodles, the open disease registry is the Poodle Health Registry <www.poodlehealthregistry.org> Veterinarian
documented diseases and permanent certifications submitted to the Registry, or found on other documented registries, will be
listed on pedigrees at <www.phrdatabase.org>.]
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DLA Diversity in Dog Breeds.

17th July 2012

Lorna J Kennedy, University of Manchester, UK
For nearly twenty years I have been investigating diversity in
the Major Histocompatibility Complex (MHC) region of the
genome in dogs and wolves. The MHC is central to the
control of the immune system in all mammals. Research
into human immune-mediated diseases has revealed strong
associations with the MHC Class II genes, see Box 1.
Similar work in dogs has identified MHC associations in
most of the canine immune mediated diseases that have
been investigated. These diseases include hypothyroid
disease, diabetes, immune-mediated haemolytic anaemia,
anal furunculosis, Addison’s disease and myositis. These
are all “complex diseases”, which are caused by a
combination of many genes plus environmental factors/
triggers, see box 2 for more information. The MHC class II genes are highly variable, and at a
population level, it is important that there is a wide range of variation, because that means the
population can respond to more infections, than a population with few variants.
Box 1: what does MHC-association mean?
Most of the diseases with MHC associations
are “complex” diseases. These are diseases that
are caused by the interaction of many different
genes. Each gene will have a different level of
influence on the risk of developing the disease.
In human studies, it has been shown that the
MHC confers about half the genetic risk for a
disease. This means that having a particular
MHC type will make it more likely that one
develops the disease, but that is by no means
certain, because of all the other genes that are
involved.

Within the canine MHC, there is a region known as Dog Leucocyte Antigen (DLA) class II, which
contains three very variable (polymorphic) genes called DLA-DRB1, DQA1 and DQB1. These genes
have many different variants, which we call alleles. We have identified over 250 DLA-DRB1 alleles, 45
DQA1 alleles and 120 DQB1 alleles to date. These numbers
increase on an almost daily basis, as we investigate further dog Box 2: What are “environmental” factors/
triggers?
breeds. These three genes are inherited as a set from each parent,
The
likeliest
environmental
trigger is a viral
so every dog has two sets of these DLA genes, one inherited from
infection. When the body responds to the
the sire and one inherited from the dam. We refer to these “sets” or virus, it is possible that there can be a cross“combinations” as haplotypes, and in the total dog population, we
reaction against ones own cells. Thus in
diabetes, you start destroying the pancreas,
have identified about 300 different haplotypes. However, within any
and can then no longer make insulin.
one breed, there is usually only a limited number of haplotypes. We do
not yet know whether it is a particular
Generally there are about five haplotypes found within a breed: one
virus that triggers a certain disease, or
whether there are several different virus’s
at high frequency (between 50-70% of dogs will have that
involved.
haplotype), two at a frequency around 20% and one or two at
around 1-5%.
There have been many studies of MHC in wild and/or endangered animal populations, and there is
evidence that a certain minimum number of different haplotypes may be necessary for long term
survival. If only a few MHC haplotypes exist in a breed or species, the risk of the entire population being
wiped out by a new disease is probably very high. For example, we studied a population of Arctic foxes
living on a remote island in the Russian far east, and found that all the animals were homozygous for
the same haplotype at the MHC. The population was decimated by an epizootic mange outbreak in
1918, and has not really recovered, despite now being protected from hunting. A similar population on a
nearby island is thriving, and was shown to have several different MHC haplotypes. However, it is hard
to put an actual figure on the number of haplotypes necessary for survival of a species or breed. In
another study, we identified eight different MHC haplotypes in the Ethiopian wolf, which is the most
endangered canid in the world. This was more diversity than we had expected, considering the limited
population size (500 in total) and their isolation in only a few locations in the Bale mountains, plus the
various rabies epidemics that have occurred in recent years.
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In 2010, the Poodle Club of Canada (PCC) contacted me after they had seen a statement from Dr.
Bannasch that only three MHC haplotypes had been found in Standard Poodles, and they were deeply
concerned about the implications. The PCC sponsored a study initially funded by a grant from Royal
Canin dog food, and subsequently funded by participants The study looked into the number and extent
of DLA haplotype variations in Poodles worldwide. Before this study, I had identified six haplotypes in
Standard Poodles (in 14 individuals), and one haplotype (which we are now calling Poodle Haplotype
#1), was by far the most common. Poodle haplotype #1 was also seen in Miniature and Toy Poodles.
In Miniatures, 11 haplotypes had been identified, and in Toys, 12 haplotypes. There was some sharing
of haplotypes between poodle varieties.
The PCC has provided two groups of DNA samples of dogs from North America (although many had
foreign origins) for DLA analysis. The first group (31 Standard Poodles) was selected for good health
and diverse pedigrees, from both mainstream and obscure lines. The second group (62 Standard
Poodles) also included some randomly selected dogs that the owners volunteered. In addition, the
Animal Health Trust (AHT) in the UK provided information on the Standard Poodle DNA samples they
had collected and a group of 50 of was selected for DLA testing, again looking for diversity based on
pedigree. The hope was to identify as many haplotypes as possible.
After the DLA analysis of the PCC group 1 and the AHT group, we had identified 14 haplotypes in
Standard Poodles. These haplotypes are shown in the table below. The colors have been added for
visualization. The colors make it easy to see that Poodle haplotypes #3 and #4 differ from each other
and from #1 only by one allele in the DRB1 position, while haplotype #2 is different from #1 in all alleles.
Note that although there are 12 different DRB1 alleles, 6 different DQA1 alleles and 10 different DQB1
alleles, there are only 14 haplotypes or combinations of these alleles found in Standard Poodles.
Table 1: Poodle Haplotypes found in Standard Poodles as of 2011.

All these haplotypes are found at different frequencies, and Figure 1 shows the frequency distribution of
the various haplotypes in Standard Poodles.
Presumably, as a breed, Standard Poodles are better off having 14 haplotypes than only having three or
six haplotypes. We may not want to lose any haplotypes existing in the breed, because these may
represent genetic diversity. The natural reaction might be that we need to decrease the incidence of
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haplotype #1 and increase the incidence of the rarer haplotypes. However there is significant debate in
the scientific community about this and the possible unintended consequences. Perhaps the rarer
haplotypes are rare for a good reason such as an association with a particular disease, which is
currently at a very low frequency in poodles. And perhaps haplotype #1 is so common because it is the
“healthiest”. There again, haplotype #1 may be so common because of a bottleneck in the breed or
heavy use of popular sires that carried it. There is some evidence that having two copies of the same
haplotype (homozygous) may result in an animal that is less able to respond to immune challenges
compared to having two different haplotypes (heterozygous). See box 3 for information about
heterozygote advantage. There is also evidence from human studies that when a couple are
homozygous for the same MHC haplotype, there is an increased risk of spontaneous abortion. There is
also some evidence that when animals can choose their mating partners, they tend to avoid partners
that have the same MHC type as themselves.
Figure 1: DLA Haplotypes found in Standard Poodles

As an aside: it would be interesting to know whether spontaneous abortions are common in dogs, and
also whether when you put two dogs (that are identically homozygous for their MHC) together to mate,
they show little interest in each other.
We have now completed DLA testing on the PCC group 2 (62 dogs) and also have been able to access
other DLA data generated by Dr Niels Pedersen (University of California at Davis). In addition, I have
been able to type many more poodles from our biobank of samples. Altogether we now have DLA data
for 405 poodles, which have been divided into several different groups, see Table 2.
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Table 2: Number of poodles that have been DLA typed.
Poodle Variety
Standard
Unknown/Not reported
Standard
Miniature
Toy
Pudl
Addison’s case
Addison’s case
Sebaceous adenitis case
Sebaceous adenitis case

Origin
UK
UK
N America
UK
UK
Croatia
UK
N America
UK
N America

No. tested
93
19
154
30
15
5
29
2
24
34

Altogether we identified 35 different DLA class II haplotypes within this group of poodles, see Table 3.
(N.B. This table does not include the poodles affected with Addison’s disease or sebaceous adenitis.)
There is a complicated pattern of sharing of haplotypes between the different poodle varieties. Some
haplotypes are found in most types of poodles e.g. #1 and 11. Haplotype #1 is found at high frequency
in all Poodle varieties, and many dogs carry two copies of this haplotype (i.e. they are homozygous).
Other haplotypes are shared between two different varieties: e.g. #4 is found in Standard and
miniatures, while #7, 8, 9, 32 and 36 are found in both miniatures and toys. You can see that some of
the North American standard poodles have haplotypes #7 or #8. This is because there are eight poodles
within this group which are actually part-crosses between standard and miniature or toy poodles.
Some haplotypes appear to have geographical origins: there are haplotypes found only in the UK, only
in North America and only in Croatia. Using this haplotype information, it should be possible to assign
the most likely variety for most of the poodles of unknown variety.
Since the 81 dogs (in PCC group 1 and the AHT group) were selected for either health and vigour or
from less well known lines, we expected to find a larger number of haplotypes than in the general
Standard Poodle population. The pcc1/aht group had 14 different haplotypes, with two only being found
in single dogs, while pcc2 had 12 different haplotypes with four only being found in single dogs (data not
shown). So this could be interpreted as the pcc1/aht group having 12 haplotypes versus the pcc2 group
with eight, as one tends to discount haplotypes found only once in a breed. These single haplotypes
may be present in dogs that are not truly “purebred” dogs, or at least descended from such a dog.

THE POODLE SCENE

POODLE CLUB OF CANADA NEWSLETTER

late sprinG 2012

page # 33

Table 3: DLA haplotype frequencies (freq %), plus the numbers of dogs homozygous (No hom) for each haplotype,
in different varieties of Poodle
Poodle

standard

Origin
No dogs tested
haplo
total total
# DRB1 DQA1 DQB1 hom % Comment

UK
93

unclassifi
ed
standard miniature
N
UK
America
UK
19
154
30

toy

pudl

UK
15

Croatia
5

No freq No freq No freq No freq No freq No freq
hom % hom % hom % hom % hom % hom %

1 01501 00601 02301
6 01501 00901 00101
3 01502 00601 02301
01301
26 01201 00401 7
4 01503 00601 02301

63.6 8 45.0 4 36.7 1 20.0
9.1
5.5
1.7
2.9
3.2

6.7

22
11

3.9
3.9

3.3

1.9

1.7

5
27
7
8
9
32
36
2
10
12
35
14
16
13
21
20
15
18
33
17
31
29
30
28

168 61.5all
39 65.6 5 34.2 65
6 9.5 standard: UK
3 15.6 1 5.3 1
1 4.1 standard
1.6
7.9
standard: N
1 1.1 Am
1
2 4.1 stnd, mini
1 7.0
1
standard,
02001 00401 01303
3.8 lower freq
4.8
5.3
00901 00101 008011
2.6 all, lower freq
1.1
standard, low
00101 00101 00201 1 1.7 freq
1.6 1 10.5
stnd: minor
01101 00201 01302
0.4 haplo
1.1
00101 00101 03601 2 1.9 mini, toy
1 5.3
01301 00101 00201
1.2 mini, toy
2.6
01501 00601 02601 2 1.1 mini, toy
1 7.9
00302 00101 00802
0.5 mini, toy
111v 00601 02002
0.4 mini, toy
00501
00601 1
00701
0.9 mini
1.1
2.6
010011 00201 01501
0.5 mini
01501 00601 02002 1 0.5 mini
00802 00301 00401
0.1 mini
00201 00901 00101 1 0.5 toy
1
01501 00601 04901
0.5 toy
2.6
08401 00901 00101
0.4 toy
01702 00201 01303
0.4 toy
2.6
00301 00101 00802
0.2 toy
2.6
01501 00601 00301
0.1 toy
01801 00101 00201
0.1 toy
01501 00101 03601
0.1 toy
01502 00601 02601
0.4 minor haplo
minor haplo: N
00106 00101 00201 1 0.4 Am
1
minor haplo: N
10301 00101 00802
0.1 Am
minor haplo: N
01501 00601 02201
0.1 Am
01801 00101 00802
0.1 minor haplo
0.5

0.3
1.0
0.3

0.6
0.3

1 10.0
5.0
1 6.7
5.0
1.7

10.0
3.3

6.7
13.3
3.3
3.3
3.3

3.3
5.0
3.3
1.7

1.0
0.6

1 20.0
3.3
3.3
3.3
6.7
3.3
3.3
3.3
3.3

20.0

10.0
1.0
0.3
0.3

minor haplo:

25 02601 00101 008011

0.1 Croatia

34 08401 00601 02301
23 02301 00301 00501 1
24 07601 00601 02301

0.2 minor haplo
0.2 minor haplo

10.0

minor haplo:
0.1 Croatia
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Figure 2 shows the numbers of dogs with each haplotype combination (we call this the “genotype”). You
can clearly see the excess of dogs having a genotype that includes haplotype #1.
Figure 2: DLA Haplotype combinations found in Standard Poodles

Despite the careful selection of the pcc1/aht dogs for health and vigour, there was very little difference
between the groups in terms of their haplotype frequency profiles. Both groups have the same large
proportion of dogs (c60%) with two copies of haplotype #1. The only significant difference is that
haplotype #6 has a frequency of around 20% in UK dogs, but only about 10% in dogs from North
America.
There are nine haplotypes that are commonly found in the Standard poodle. Haplotype #1 is the most
frequent in Standard poodles and the same percentage, 42%, of both UK (39/93) and North American
dogs (65/154) are homozygous for this haplotype. A haplotype frequency of 65% means that 87% of
standard poodles have either one or two copies of this haplotype. Haplotype #4 is more frequent in the
UK than North America, but otherwise the haplotype profiles are very similar between these two groups.
If we consider the haplotype profiles of miniature and toy poodles, they have 14 and 15 different
haplotypes respectively, of which five and three respectively are shared with standard poodles.
Rather than try to increase the frequency of the currently low frequency haplotypes within Standard
poodles, it seems to me that it would be possible to introduce more genetic diversity into the Standard
poodle by crossing with miniature and/or toy poodles.
However, such a strategy would need careful genetic monitoring, so as to avoid further problems down
stream. Any such matings should only be between dogs that have been genetically profiled for a variety
of markers distributed throughout the genome, which may include the MHC, but should not be
exclusively the MHC.
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Each breed health group could have make considered advice available, but only after considerable
discussion, and with consultation with genetic counselors.
I have already mentioned that it has been observed that both mammals and birds will preferentially
select mates with dissimilar MHC. Perhaps our Poodles would as well if we let them do the selecting! It
might be wise to breed a bitch with two copies of haplotype #1 to a dog with at least one other
haplotype. And certainly it would be wise to find the lines with rare haplotypes and made sure they
survive. But at this point, I would not be comfortable offering advice on to how to use DLA haplotype
information to make breeding decisions. There is much more to a dog than his MHC!
Owners of the dogs who participated in this study can receive the results of their dog’s DLA haplotype
testing. Results have been provided owners of the dogs in the PCC groups. The list of the AHT
selected dogs can be provided to the Standard Poodle Club if requested. If you have supplied a DNA
sample to the AHT, you can contact Molly Windebank to see if your dog was one of those selected and,
if so, how to request the results.
Although this study has ended, if you would like to have your dog’s DLA tested, it can be done through
Genoscoper, or you can send saliva or blood (EDTA) samples direct to me, Lorna Kennedy. The charge
I make is less than genoscoper, but currently I have a much longer turn-around period.

Here is a blog devoted to a poodle comic strip! A fun find,
with thanks to member Renee Koch of Gardenpath Standard Poodles Regd. Wriphe.com is the personal website of
Walter Stephens, the graphic artist and designer who drew the above comic. He has given us permission to use his
cartoons :-)

Link to Mr Stephen’s BLOG
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Here’s one action you can take to help the Poodle breed:
THE PCC HEALTH REGISTRY & HEALTH SURVEY
The PCC Health Registry was first published in the 2000 Yearbook. Its purpose is to publicly verify that
members of the PCC are health testing their dogs, especially those used for breeding. Occasionally,
members have also registered failed tests. The last Registry was for 2003-2004, and the Registry is
currently being updated. Copies of the three registries published can be found in .pdf files on the PCC
website<www.poodleclubcanada.com>. The update is from 2005-2011. Previous published registries
are being edited for errors(2012) and a revised set will be published.
The Health Registry is:
●
open to current members' dogs only
●
public, published in our Yearbook and on our website
●
proofread by a member veterinarian to verify submitted copies
● copies submitted are kept on file by the Health Officer
●
covers all breed-specific DNA tests, permanent tests and recurring tests
●
is now accepted by the Poodle Pedigree database for verification of testing
The PCC-sponsored Health Survey went online in the fall of 2008. It is open to all purebred Poodles
worldwide. Its main purpose is to collect and provide statistical reporting on the overall health and
prevalence of specific diseases of the breed. In order to obtain the greatest input, it is confidential, and
no member of the Poodle Club of Canada has access to any records other than the records they enter
of their own dogs. Currently, its questions are asked in both English and French, but further translations
into other languages are expected. The Survey collects information “from litter box to the Rainbow
Bridge”, and covers nutrition, housing, reproduction as well as an extensive listing of diseases. It is as
important to collect the data on healthy dogs as to collect information on health problems, and the
survey is aimed particularly at the pet owner as well as the breeder. Individual dog's records can be
printed off and kept as a record of shots, nutrition etc., and can be updated for the lifetime of the dog.
One other purpose designed into the Survey is the ability to connect researchers with dogs and their
owners who have volunteered to assist in disease studies. For breeders, the ability to track health
problems produced by a specific breeding is possible, without breaking confidentiality.
The Health Survey is:
●
open to any purebred Poodle worldwide
●
confidential
●
online, entered by owner or breeder
●
provides statistical reports to National Poodle clubs (or their equivalent)
●
maintained by a geneticist
●
ongoing, collecting information for the life of the dog
●
collects information pertaining to both health and disease
●
of value to researchers for locating dogs for their studies
●
of value to breeders to track the health results of their breeding programme
Both of these databases need support to be valuable. If you are a member of he PCC, submit your
dog's test results to the Health Officer for inclusion in our website Health Registry. Contact the club's
Health Officer at <mjtweir@bell.net>with your submissions. The Health Survey also needs support in
order to give our breed clubs the information they need to supervise the health of the breed – checking
to see if efforts to control disease are actually working and identifying disease conditions on the rise. Go
to <www.pcchealth.ca/main.html> to enter your dog today. (Firefox and Safari will work; Microsoft will
not.)
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Dear Miniature & Standard Poodle Breeders, Owners, and Handlers:
Did you participate in the Social Interaction Survey distributed by researchers at the
University of Missouri? If so, please email Rachel Zamzow at rachel.zamzow@mail.missouri.edu.
We would like to follow up with you about your study participation.
If you have not yet participated, please consider participating in this study examining social
interaction in miniature and standard poodles. This study is solely observational in nature and
could potentially benefit both poodles and humans.
Participation in this study involves the completion of a short Social Interaction Survey at this
link: http://www.surveymonkey.com/s/MiniaturePoodleSocialSurvey. Both miniature and
standard poodles are eligible for the survey.
Sincerely, David Beversdorf, MD, Rachel Zamzow, BS, & Shelley Green-Wooldridge

Next Newsletter: September, National
Specialty Results, brags, etc. SUBMIT:
lklglickman@videotron.ca
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