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My name is Dr. Kristopher Irizarry and I am an associate professor of Genetics 
and Genomics at Western University of Health Science’s College of Veterinary 
Medicine. I received my B.S. in Biochemistry and Biophysics from Rensselaer 
Polytechnic Institute in 1996 and received my PhD from the department of 
Biochemistry and Molecular Biology at the University of California, Los Angeles 
in 2003. My curriculum vitae is attached. (Ex. A). 

For more than a decade my research has focused on how DNA encodes traits of 
interest. Aspects of my research have investigated how genetic variation gives rise 
to differences and similarities between members of the same species (such as two 
dogs or two humans) as well as how genetic differences between species 
contribute to observable differences in traits such as health, longevity, behavior, 
and disease susceptibility. 

Some of my research projects include investigations into (1) the genetic basis of 
dog breed identification and how DNA based tests for dog breed composition 
compare to visual identification of dog breeds; (2) the role of specific genetic 
variations within human genes underlying behavioral traits and how these 
genetic differences affect human behavior; and (3) canine genetics associated 
with disease, breed and anatomical traits. 

I am familiar with and have participated in Dr. Victoria Voith’s research and work 
relating to the accuracy of visual identification of breeds of mixed breed dogs and 
was a co-author of Comparison of Adoption Agency Breed Identification and 
DNA Breed identification of Dogs, Journal of Applied animal Welfare Science, 
12:253-262, 2009 and Comparison of Visual and DNA Breed Identification of 
Dogs and Inter-Observer Reliability, American Journal of Sociological Research 
2013, 3(2): 17-29. The results of this research establish that using visual 
identification to predict the breed of mixed breed dogs is fundamentally 
unreliable. As these studies show, mixed breed dogs often express physical traits 
associated with breeds that are not a part of the animal’s actual genetic breed 
composition and fail to express physical traits that are associated with breeds 
that are a part of the animal’s actual genetic breed composition. Therefore, 
reliance upon physical appearance to predict the predominant breeds of mixed 
breed dogs of unknown origin is inherently unreliable. This result is not 
surprising because less than 1 percent of the canine genome is associated with the 
expression of physical traits commonly used to categorize animals by breed. 
Moreover, dominant phenotypes may be visible in heterozygous animals while 
recessive phenotypes cannot be observed within heterozygous individuals. 
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Breeds 

The biology and genetics of dogs and dog breeds have been heavily studied 
during the last ten to fifteen years as a direct result of genetics and genomics 
discoveries made possible by the genome sequencing era and, specifically, the 
canine genome sequence (released to the public in July 2004). Some of these 
discoveries include: (1) identifying the single region within the dog genome 
responsible for encoding small dog size, (2) the extent of genetic similarity within 
and between breeds, (3) the specific regions of the genome responsible for breed-
associated anatomical and morphological traits, (4) methods to determine 
relative contributions of ancestral breed compositions in mixed breed dogs, (5) 
the identification of thousands of dog genes as well as the commercial 
development of clinical genetic diagnostics for use in canine veterinary medicine. 

Domestic dogs (Canis lupus familiaris) exhibit tremendous morphological 
(physical) variation within the species. They vary in anatomical features such as 
coat color and type, height, weight, frame size, head shape, ear shape, snout size 
and length, musculature and leg length. Although today there are many breeds of 
dogs, breeds were developed as a result of human interaction to deliberately 
select breedings between animals with similar traits to produce offspring 
expressing those traits. Over time with repeated selected breeding, the population 
within a given breed lost the genetic variation present in the general species 
population to express those physical traits not associated with the breed, i.e., 
German Shepherds lack the genetic variants associated with the short snout 
found in the French Bulldog and Standard Poodles lost the genetic variants 
associated with smooth coats. A breed then is a population of animals who have 
been intentionally selected and bred to express similar morphological traits. 
Breeds within a given species are a human creation and not the result of natural 
selection or normal genetic variation. 

Historically, the creation of breed standards and development of breed registries 
resulted in founder events involving only a few dogs and, thereafter, reproductive 
dominance by popular sires that conformed most closely to the breed standard. 
These restrictive breeding practices reduced effective population size and 
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increased genetic drift  which resulted in the loss of genetic diversity within 1

breeds and allele frequency divergence among them. Registered or purebred dogs 
within a breed were the result of a breeding between two animals both of whose 
ancestry traces to the group of animals recognized as a “breed” by the entity 
undertaking the registration.  For example, in most cases for a dog to be 
registered with the American Kennel Club (“AKC”), the animal to be registered 
must result from a breeding between two animals of the same breed that are both 
registered with the AKC as members of that breed.  The registration of purebred 
dogs of a specific breed results in creating a closed gene pool in which all dogs 
recognized as part of a breed come from ancestors also recognized as being part 
of that same breed. By continually mating dogs within a closed gene pool, the 
genetic variants associated with physical traits not usually expressed within that 
gene pool are eventually eliminated. 

Genetics of Physical Appearance and Behavior 

The genome of domestic dogs contains approximately 20,000 protein encoding 
genes. Approximately 50 of these genes relate to the expression of breed defining 
anatomical traits. That is 0.25% of the domestic dog’s genes relate to the 
expression of physical traits that are commonly associated with physical breed 
identification while the remaining 19,950 genes encode traits that are not 
typically associated with breed-defining appearance.  

It is incorrect to assume that because the population of animals within a breed 
share similar physical traits, the animals share other traits such as behavior, 
health, and disease susceptibility. Unlike identical twins in humans, who have 
identical DNA, members of dog breeds may look the same but have very different 

 Genetic drift is commonly illustrated by using 20 marbles in a jar to represent 20 organisms in a 1

population. In the starting population, half of the marbles in the jar are red and half blue, and 
both colors correspond to two different alleles of one gene in the population. In each new 
generation the organisms reproduce at random. To represent this reproduction, randomly select a 
marble from the original jar and deposit a new marble with the same color as its “offspring” into a 
new jar. (The selected marble remains in the original jar.) Repeat this process until there are 20 
new marbles in the second jar. The second jar then contains a second generation of “offspring,” 
consisting of 20 marbles of various colors. Unless the second jar contains exactly 10 red marbles 
and 10 blue marbles, a random shift occurred in the allele frequencies. 

Repeat this process a number of times, randomly reproducing each generation of marbles to form 
the next. The numbers of red and blue marbles picked each generation fluctuates; sometimes 
more red and sometimes more blue. This fluctuation is analogous to genetic drift – a change in 
the population's allele frequency resulting from a random variation in the distribution of alleles 
from one generation to the next. 

Breed standards result in selection pressure making it possible that in any one generation no 
marbles of a particular color are chosen, meaning they have no offspring. In this example, if no 
red marbles are selected, the jar representing the new generation contains only blue offspring. If 
this happens, the red allele has been lost permanently in the population, while the remaining blue 
allele has become fixed: all future generations are entirely blue. In small populations, fixation can 
occur in just a few generations.
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DNA The 0.25% of the domestic dogs’ genes relating to physical traits that are 
similar within a breed population are unrelated to other genetic traits including 
those genes which encode the brain, connections of brain cells, and involved in 
encoding the behavior of an animal at a genetic level. Similarly, the notion that 
the presence of an anatomical feature, i.e., smooth coat, round head, or muscular 
body, correlates with behavior is not based in science.  Even within the closed 
gene pool of purebred animals of a given breed, the selection pressure applied to 
physical characteristics does not result in the limitation of genetic variability for 
other traits, including behavior.  

Because animal and human behavior arises from complex properties of the brain, 
including particular patterns of brain cell connectivity and chemical composition, 
within specific regions of the brain, it is relatively well accepted among the 
scientific community that attempts to infer behavior based upon externally 
visible morphological features of the skull is unscientific and has even been 
disproven. Such methods were attempted during the 1700s and 1800s in under 
the field of “Phrenology” which has since been disproven. 

Anatomical traits associated with particular dog breeds have no predictive value 
in characterizing the behavior of dogs exhibiting similar morphological 
characteristics. 

Heritability 
The genetic heritability of a trait is the fraction of the total variation in the trait 
among the animals in a population that can be accounted for by genetics. 
Heritability is measured on a scale between 0 and 1. Some traits have a high 
genetic heritability, while other traits are influenced by multiple factors which 
include genetics and environment. For example, coat color and almost all other 
physical traits are controlled solely by genetics. As a result, we know that 
offspring inherit coat color solely from the genes of its parents and that 
environment or other facts will not alter the manner in which coat color is 
expressed.  

Behavior is a complex trait that results from a lifetime of experiences. Domestic 
dogs were selected to live among humans and conform to the social and familial 
structure of humans. The domestication of dogs resulted in companion animals 
that were more attuned to human communication and more easily adapted and 
trained by their human counter parts. All domesticated dog breeds inherited 
these and share these traits and no specific breed of dog is genetically lacking in 
these artificially selected traits that were carefully acquired over a 30,000 year 
domestication period.   

Opinions 
In addition to the opinions expressed above, it is also my opinion to a reasonable 
degree of scientific certainty that: 
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1. Visual breed identification of dogs, even when made by animal care 
professionals, is unreliable to predict the actual breed composition of an 
animal. 

2. A mixed breed dog’s physical traits do not provide an adequate scientific or 
genetic basis to predict the animal’s breed. 

3. Breeds are not a predictor of dangerousness or aggression 
4. Domestic dogs were selected to live among humans and conform to the social 

and familial structure of humans.  
5. All domesticated dog breeds inherited these and share these traits and no 

specific breed of dog is genetically lacking in these artificially selected traits 
that were carefully acquired over a 30,000 year domestication period. 

6. No rational, genetic or scientific basis to ban certain breeds of dogs as more 
dangerous or more aggressive than other breeds of dogs
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