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Introduction

Dog domestication over several thousands of years and arti-
ficial selection for desired traits during breed development 
have inadvertently retained deleterious disease-associated 
mutations in certain dog populations. Although some dis-
ease variants occur in a single breed, many occur in several 
breeds either indicating a single ancestral founder with the 
mutation or crossbreeding between breeds with the mutation 
prior to the designation of the founder stock. Once a foun-
dation stock has been designated, crossbreeding between 
breeds usually ceases to establish the desired physical and 
behavioral characteristics for that specific breed. The pres-
ence and frequencies of specific mutations and their asso-
ciation with disease vary among the different dog breeds 
depending on when the mutation occurred during breed 
development. Depending on the breed and disease, fre-
quencies of carriers range from common to exceedingly, 
but measurably, rare.

In addition to being an important animal model for human 
genetic disease, the domestic dog has many jobs within our 
society by providing assistance, security and companion-
ship. In recent years, especially since the sequencing of the 
canine genome (Lindblad-Toh et al. 2005), more than 350 
likely causal variants have been identified to be associated 
with specific diseases and traits in the domestic dog (Online 
Mendelian Inheritance in Animals 2019). This special issue 

of Human Genetics, dedicated to canine genetics, provides 
many excellent examples of the exciting discoveries taking 
place in the field of canine genomics.

Animal models for human disease and gene 
therapies

Progressive retinal atrophy (PRA) in dogs, referred to as 
retinitis pigmentosa in humans, represents high heterogene-
ity, as it is not a single disease but characterizes the clinical 
findings for which the genetic basis has been identified for 
more than 90 genes in dogs. Bunel et al. (2019) in their 
review of the genetic basis of PRA in dogs describe the 
work to date to identify the genetic causes of this common 
inherited condition and nicely illustrate how the dog has 
served and continues to serve as an important animal model 
for humans. In addition, their work in the Border Collie for 
an X-linked PRA demonstrates that even though certain dog 
breeds are highly inbred, some mutations can remain elusive 
and difficult to identify in this model organism.

Hereditary sensory neuropathies (HSN), also known as 
hereditary sensory and autonomic neuropathies in humans, 
constitute a clinically and genetically heterogeneous group 
of disorders. In dogs, about a dozen different breeds have 
been identified that develop sensory neuropathies. In the 
review by Corréard et al. (2019), various forms of human 
and canine HSN conditions are examined and compared. 
As well described by the authors, several conditions in dogs 
can serve as models of human disease and may lead to the 
identification of the causative genomic variants in both spe-
cies. The availability of natural animal models, such as dogs, 
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represents opportunities to unravel genetics and therapies for 
humans and dogs (Corréard et al. 2019).

Variation in drug response, whether manifesting as toxic-
ity or failure to respond, occurs in dogs as it does in humans. 
Although the field of pharmacogenomics in companion 
animals lags behind what is understood in humans, Mealey 
et al. (2019), in this issue of Human Genetics, present a com-
prehensive review of what is known today for the domestic 
dog. Advances made in the field of canine pharmacogenom-
ics may not only improve the health and welfare of dogs but 
may provide helpful insights into human variation in drug 
effectiveness, response and potential for adverse reactions.

Therapeutic approaches for inherited diseases include die-
tary changes or restrictions, proteins or products synthesized 
through recombinant DNA technologies, enzyme replace-
ment, and various gene therapy and gene editing strategies. 
Using an animal model can help inform approaches for 
human therapies for a similar or identical disorder. Duch-
enne muscular dystrophy (DMD) is an example of an inher-
ited disease found in humans that occurs as a spontaneous 
animal model in dogs. As reviewed in this issue, Nghiem 
and Kornegay (2019) present the promises and challenges 
of gene therapy strategies in humans and dogs with DMD. 
The dog may provide a better animal model than mice for 
human DMD, as DMD-affected dogs show more similarities 
to the human clinical and immunological disease progres-
sion (Nghiem and Kornegay 2019).

New discoveries for canine inherited 
diseases

This special issue of Human Genetics contains several new 
discoveries related to the molecular basis for genetic dis-
eases in dogs. Human genes for which there is a known 
variant linked to disease make obvious candidates for simi-
lar diseases in dogs. This candidate gene approach can sig-
nificantly reduce the time from study concept to bona fide 
mutation in an orthologous canine gene. In addition, many 
canine researchers are now using whole genome sequencing 
to identify causal variants in dogs and novel canine genes 
can be used as candidates and models for human diseases.

In this issue of Human Genetics, Meurs et al. (2019) pre-
sent the findings of a novel missense variant in the TTN 
gene that contributes to dilated cardiomyopathy in Dober-
man pinscher dogs. Variants in TTN are known to contribute 
to hypertrophic and dilated cardiomyopathies in humans. 
This discovery in Doberman pinschers helps close the gap 
in the observed heterogeneity contributing to dilated cardio-
myopathy in this breed.

Hytönen et al. (2019) studied Parson Russell terriers and 
Akita dogs with amelogenesis imperfecta (AI) and identified 
a variation in the ENAM gene that was found in about 9% of 

Parson Russell terriers studied and a variation in ACP4 in 
about 22% of Akita dogs studied that segregated with dis-
ease in an autosomal recessive manner. Unlike rodents that 
have continuously erupting incisors, the physiology of tooth 
development in dogs more closely reflects that in humans, 
providing an excellent model organism for studying AI. Both 
ENAM and ACP4 are genes known to be involved in the 
pathophysiology of amelogenesis in humans.

In a second paper in this issue, Hytönen and Lohi (2019), 
using genome-wide homozygosity mapping and whole 
genome sequencing, identified a variant in the SGK3 gene 
that segregated with hairlessness in the Scottish Deerhound. 
Although SGK3 has not been linked to hair abnormalities in 
humans, it remains a strong candidate for congenital hypotri-
chosis and early alopecia in humans based on this spontane-
ous canine model.

Startle disease, or hyperekplexia, is characterized by 
hypertonia and apnea that are triggered by noise and/or 
touch. Several causative variants are known in humans and 
in this issue of Human Genetics, Murphy et al. (2019) iden-
tified a novel mutation in the SLC6A5 gene in a family of 
Spanish Greyhound dogs. Using a candidate gene approach 
based on previously identified causal variants in humans and 
mice, this study illustrates how the genetic basis of simple 
Mendelian disorders in inbred dogs sometimes can be easily 
elucidated (Murphy et al. 2019).

It is the role and responsibility of the clinical labora-
tory to evaluate and translate these discoveries into clinical 
tests to make them available to breeders, veterinarians and 
dog owners to improve breeding programs and the overall 
health of dogs. The laboratory can also serve as a resource 
for researchers, as understanding the clinical validity and 
utility of a mutation can be challenging and may go beyond 
what most research laboratories can accomplish. Having a 
diagnostic test in more than one clinical laboratory allows 
the testing of a large number of dogs, which can provide 
better genotype–phenotype correlations among the affected 
breeds.

In collaboration with a clinical laboratory, Pindar and 
Ramirez (2019) evaluated serum ALT levels and hepatic 
copper concentrations and histopathology from ten offspring 
in which both parents had a least one copy of an ATP7B 
mutation previously shown to be a risk factor for copper 
toxicosis in Labrador retrievers. None had increased serum 
ALT activity but all offspring who were homozygous for the 
ATP7B mutation had elevated hepatic copper concentrations. 
This preliminary study demonstrates that dogs homozygous 
for the ATP7B variant can have abnormally elevated hepatic 
copper levels despite having normal serum ALT activity.
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Standards and guidelines for clinical canine 
genetic testing laboratories

Much like in human clinical genetics, genetic testing in 
dogs can be used to inform, providing a means for avoiding 
many inherited diseases. However, unlike human testing, 
dog breeders can also use genetic testing to understand the 
genotypes for many traits and coat colors to increase their 
likelihood of producing dogs with certain qualities desired 
by puppy buyers. It is for these reasons that the laboratory 
is not only providing important health information for the 
dog itself, but also providing useful results that support 
breeding programs helping to ensure healthier successive 
generations. As these laboratories are direct-to-consumer, 
the canine genetic testing laboratory serves as a resource 
for breeders and veterinarians and must have transparency 
and clear communication of testing information on their 
website, reports and provide genetic counseling as needed.

Currently, there is no regulatory oversight for canine 
clinical genetic testing and no consistency regarding qual-
ity assurance within the testing community. The purpose 
of standards and guidelines is to provide uniformity and 
guidance towards quality improvement across laborato-
ries in the industry. The first way to achieve this is for the 
industry as a whole to commit to improving processes that 
can provide accurate results to the consumer. The second 
way is for the individual laboratories to implement proto-
cols that help ensure high-quality testing and for providing 
critical resources to the customer. In this issue of Human 
Genetics, standards and guidelines have been proposed to 
assist in guiding the industry as a whole towards common, 
achievable standards (Shaffer et al. 2018) with a check-
list that can be used for self-assessment and continual 
improvement within individual laboratories (Shaffer et al. 
2019). Both the standards and guidelines and the check-
list form a baseline for testing standards, with the goal of 
bringing together the clinical laboratories to continue to 
discuss and improve these documents to provide consist-
ency and high accuracy across the entire industry. These 
publications (Shaffer et al. 2018, 2019) are open access, 
available to all laboratories , and should assist in providing 
a structure by which the laboratories can begin to develop 
or enhance their quality assurance programs under which 
new tests are developed, validated and launched.

In summary, this special issue of Human Genetics dedi-
cated to canine genetics demonstrates an active research 
community investigating diseases and traits in dogs. Many 
of these discoveries can serve as animal models for human 
disease and can be developed into actionable clinical tests 
that can be used by breeders and veterinarians to improve 
the health of dogs. Implementation of the new standards 
and guidelines for clinical testing laboratories will pave 

the way to uniformity within the testing community and 
increased accuracy across laboratories.
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