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Aggression, in canines as in humans, is affected by both genetics and environment. Studies of 
heritability of behavioral traits in dogs have suggested that behavioral tendencies are about 20-40% 
influenced by genetics. We believe that the rest of the variability that we see is due to differences in 
environment, meaning both early socialization  and other early experiences, and how the animal is 
currently managed. 

The genes influencing behavioral traits such as aggression in mammals are not yet known, despite large 
scale studies seeking them in human research. In the early 2000s, after the sequencing of the human 
genome, the use of genome-wide association studies (GWAS) to seek associations between markers in 
the human genome and behavioral traits became more and more common. At the time, the expectation 
was that a small number of genes would be found that controlled traits such as depression and 
aggression in humans. This GWAS approach compares phenotypes, such as a history of depression, 
with genotypes, a series of markers spread throughout the genome, for hundreds or thousands of 
individuals. Statistically significant associations between phenotypes and individual markers are 
sought, with the expectation that if a large number of individuals have both a particular marker and a 
particular phenotype, then that marker is likely to be close to the location in the genome of a gene that 
influences that phenotype. 

Indeed, GWAS findings assisted in the successful identification of genes for some less complex traits, 
such as Crohn's, ulcerative colitis, and human height. However, more complex traits, such as the risk of 
developing a particular form of cancer or depression, did not prove as easy to understand using this 
approach. In some cases, genes affecting behavioral traits were identified, but were shown to explain 
less than one percent of the variation seen in the individuals studied. These studies also proved difficult 
to replicate; when performed on a new set of individuals, they often did not identify the same markers 
as associated with the behavioral trait in question. 

Today, behavioral traits are believed to be highly polygenic, meaning they are influened by many, many 
genes, each with very small effect size. These genes are also believed to be epistatic, meaning that they 
interact with each other in highly unpredictable ways – a particular version of gene A may have one 
effect when present with a particular version of gene B, but may have the opposite effect when present 
with a different version of gene B (or a particular version of gene C). Epistasis is one of the reasons 
why reliably controlling behavioral characteristics by selective breeding is difficult: a version of a gene 
having one effect in a parent animal may have the opposite effect in offspring, when expressed against 
a different genetic background. 



Additionally, environmental influences are extremely important in determining whether a genetic risk 
for a particular behavioral trait is realized. In humans, studies have shown that risk variants for 
particular deleterious behavioral traits, such as depression, are more likely to result in that behavior in 
adults who have experienced childhood traumas. This effect is known as a gene-environment 
interaction. One of the best known cases of a gene-environment interaction is the effect of different 
versions of a gene for the serotonin transporter, which cycles the neurotransmitter serotonin in the 
brain. Low serotonin levels have been associated with both depression and aggressiveness. One version 
of the transporter gene has been associated with increased risk of depression in adults, but the effect is 
only seen in individuals who experienced childhood trauma. Therefore, even in the case of genes with 
known effects, these are not predictive of behavioral traits without an understanding of the 
environmental influences on the individual in question, and even then confer only risk, not behavioral 
absolutes. 

Unfortunately, environmental effects are difficult to study in a controlled way in epidemiological 
studies. Studying them in highly controlled laboratory studies provides results which are difficult to 
extrapolate to real world situations. Differences in environment that affect adult behavior begin in 
utero, continue with early maternal care, and continue throughout life. Twin studies in human research 
have shown that even individuals with identical genetics raised in the same household experience 
different different environments, as evidenced by personality differences between identical twins. 

For all of these reasons, genetics are not highly predictive of behavior in dogs. Individuals of a 
particular breed may share increased propensity for particular behavioral traits, but their genetics do not 
guarantee those traits.  Environmental influences, such as appropriate early socialization and 
maintenance in the home as a family dog, are more predictive of a dog's behavioral traits than its 
genetics. 


