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Until recently many people thought that irrespective of the environment, genes delivered 
a fixed set of characteristics— such as personality, height, talents, or illnesses. It turns 
out this was only part of the story. Genes seem to set the limits of an organism’s 
potential rather than a predetermined set of characteristics. 

Furthermore, genes are active only in the presence of biochemical triggers, like the frog 
who needed a kiss to become a prince. We also know that the expression of some 
genes is constantly changing in response to the internal and external environment, and 
absence of the right signal could leave a gene forever dormant. In other words, although 
genes set boundaries around the potential of the system, the environment determines 
the extent to which potential is reached. 

This less linear, more interactive standpoint, which we call the psychobiology of gene 
expression, accepts that the influence of genetics and environment are both strong and 
begs us to revisit old questions with new lenses. Rather than asking questions such as 
“Is behaviour X a result of nature or nurture?” scientists now ask questions such as 
“How do genes and the environment interact to influence behaviour X?” and “By what 
mechanisms do genes and the environment interact to change the nervous system’s 
function?” 

Today’s explanation goes like this. 

Genes code for proteins, and only proteins. If something is not a protein, there is no 
gene for it. Traits like maternal behaviour, intelligence, and personality are not proteins. 
There are no genes for these. When scientists speak of a gene for behaviour, let’s say 
intelligence, what they really mean is that there are genes for proteins that alter the 
function of the brain in such a way that they affect what we measure as intelligence. 
Furthermore, differences among individuals are not always in the nucleic acid sequence 
of the gene. The sequence determines the structure (and therefore the function) of the 
protein. Sometimes the difference is in the amount of protein present. That is, some 
individuals make more of a protein than other individuals. This, plus variations in 
experience, can affect the amount of neurotransmitter, the receptor, and others among 
the brain’s structural and functional elements which influence emotion, perception, and 
behaviour—in this case, intelligence. The level of gene expression is not directly related 
to the sequence of the gene, but rather to whether the cell’s biochemical machinery is 
active at that gene. 

As an intuitive example, consider height. The average height in many societies has 
increased over the past few decades. Grandchildren tend to be taller than their 
grandparents. Such a change has occurred far too rapidly to be due to changes in the 
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genetic composition of the population. A likely explanation is that the genes that 
regulate and build the body are sensitive to the nutritional status of the person. More 
food keeps these genes active longer, and the person becomes taller. So it is far more 
likely that environmental conditions— in this case the availability of food—are 
responsible for the overall height change. 

Now, scientists have charted the manifold influences on gene expression in the brain 
across a lifespan. The impact of gene expression is not in doubt; it seems certain that 
developmental plasticity is a fact of life that biological, psychological, experiential, and 
behavioural are interconnected and scientists in many fields are actively mapping 
interchanges and traffic patterns. 

This new knowledge about the deeper 
contribution of environment to 
behavioural outcomes reveals 
questions of definition and procedure 
a behaviour researcher must address 
in order to truly understand the 
mechanism underlying behaviour, and 
it has profound implications for the lab 
environment. 

 

How We Become Our Individual Selves  

How do we become our individual selves? We have in common with our fellow human 
beings about 30,000 - 40,000 genes arranged in a sequence, and each of us is built of 
proteins—chains of amino acids—that form each feature of the body’s structure and 
carry out the body’s functions. However, each person’s protein specification— what, 
how much, when—is slightly different, depending upon genetics and the infinite variety 
of subtle and explicit experience. 

Here’s how proteins get specified. A gene’s DNA contains instructions for making up a 
protein or proteins. If the DNA code were all that went into the mix, the protein would be 
precisely what our inherited genes specify. Now we know, though, that there are a 
variety of influences not only on whether a gene expresses itself and orders the 
formation of proteins; several different factors—such as experience of the world 
emotionally and physically and especially stress—affect and effect the function and 
amount of protein formed. Proteins play major roles in brain development and the 
neurophysiology of the brain. Any factor altering protein levels and/or function affect the 
brain and, consequently, behaviour. 

As illustrated on the right side of the figure, behaviour has direct and indirect 
consequences for physiology. These changes in physiology alter gene expression 
and/or protein function, and thereby behaviour. 

As illustrated on the left side of the figure, some environmental factors can trigger the 
addition or removal of chemical groups from the DNA. This chemical modification of the 
DNA alters the expression of the gene. In general, these modifications reduce the 
expression of the gene. When these so-called epigenetic changes occur in germ cells, 
they are heritable. Since this chemical modification does not affect the sequence of the 



gene, the function of the gene’s protein is unaffected. 

The amount of a protein has a profound effect on the function of the body. Changes to 
the gene sequence (called mutation) result in proteins with abnormal structure that do 
not function properly, resulting in disease. 

 

THE DEFINITION OF ENVIRONMENTAL INFLUENCE 

 By environment, we don’t only mean obvious factors such as temperature, noise, diet, 
and light; we also mean miniscule differences in microenvironments that can be as 
subtle as the timing of a touch, the nature of a glance, or the presence of a scent. These 
subtle factors can alter the expression of genes. In much the way nutrition can influence 
body size and build, tiny differences in the amount, timing, and/or location of gene 
expression can have profound effects on the future structure and function of brain and 
so behaviour. 

THE DEFINITION OF BEHAVIOUR 

 Back to the animal lab, where many factors—such as noise, light, voice, and 
humidity—influence behaviour. Some of these effects are direct. Others are indirect. 
Some undoubtedly affect behaviour by altering gene expression. In light of the 
exquisitely subtle influences on gene expression, studying behaviour in the laboratory— 
actually any lab animal investigation though there are particular challenges to studying 
social behaviour—requires a new view on what constitutes a neutral environment. 

A logical first-step toward studying behaviour would appear to be deciding what we 
include in the study of behaviour, and this is quite a bit more difficult than it might seem 



to be. To see why, consider this. Most people agree that specific actions—such as 
retrieving this magazine from the post box and reading the article—are behaviours; but 
if you stop reading and think about what you have read—is that behaviour? Most 
behavioural scientists would not classify thought as behaviour; they would call it 
cognition, a separate field. Is chemotaxis— the phenomenon where an organism, 
typically a bacterium or other unicellular organism, moves toward a specific chemical—
behaviour? What about the knee-jerk reflex? 

Despite not having a universal definition of behaviour, or perhaps because there is not 
yet a definition of behaviour, those who study it fit into many camps, depending on the 
nature of their interest. Several of these camps are described below. 

Ethology, an offshoot of zoology, is the scientific analysis of behaviour. Most ethologists 
are interested in natural behaviours, rather than behaviour specific to domestication 
and/or the laboratory. Ethologists ask questions about the consequence the behaviour 
has for the animal. For example, does song attract mates? If so, does this lead to 
greater reproductive success? At the level of ontogeny, ethologists ask questions about 
the development of the behaviour. For example, is birdsong learned and if so, when? 
Questions about the evolution of the behaviour are among the most difficult to answer 
scientifically. Questions at this level relate to the mechanisms—such as natural 
selection and genetic drift—by which the behaviour evolved. 

Neuroethology refers to the relationship between the nervous system and natural 
behaviour. Neuro - ethologists do look at function of the neurons, brain regions, and 
neural circuits the nervous system comprises. However, they move beyond traditional 
neuroscience to search for the relationship between neuronal physiology and behaviour. 
Neuroethologists ask questions such as “How do seasonal changes in the structure and 
function of the songbird brain relate to the seasonal changes in singing”? 

Behaviour genetics seeks to explain the relationship between genetic function and 
behaviour, which they see as bidirectional. They are pragmatic, understanding that 
genes are implicated in behaviour but not debating whether this or that behaviour is 
nature or nurture since a simple dichotomy is too simplistic to explicate the genesis of 
behaviour. Behaviour geneticists ask questions such as “Does schizophrenia have a 
genetic basis? If so, which genes are associated with schizophrenia”? 

Behavioural epigenetics, in our view an exciting new field, investigates heritable 
changes in gene function that occur without a change in DNA sequence, which takes us 
back to Lamarck’s previously discredited theory that characteristics acquired during an 
animal’s lifetime can be passed on to future generations. And that takes us into realms 
which were, before the rise of gene expression science, anathema to many 
investigators. 

PSYCHOBIOLOGY OF GENE EXPRESSION AND THE CHALLENGES OF 
STUDYING BEHAVIOUR 

 Probably it is apparent that the lab environment plays a key role in the outcome of any 
behavioural investigation. Every event of the five senses, and probably of the sixth 
sense too, influences the outcome of an investigator’s study. And we’re not 
conceptualising the lab environment as static. The handlers’ interactions with the 
animals will play a part in gene expression for both animal and handler. And among 
behavioural studies, perhaps the most complex behaviours to study— even more 
nuanced in light of gene expression—are social behaviours. 



Although here too a definition has proved elusive, characteristic social behaviour 
includes behaviours that involve an interaction between two organisms, including 
reproductive, parental and agonistic behaviours such as courtship displays, pup 
retrieval, and territorial aggression. What stops us in our tracks here is the realisation 
that what we see expressed in social behaviour may be very different under the 
complex, tiny, subtle environmental variations in the laboratory that make big 
differences. We no longer believe that we have to teach children to learn; they learn 
using innate heuristics, yet environmental influences can dampen the enthusiasm and 
depress responses. We know that happiness, still a fringe idea in some circles, can 
deter crime, as can the sight of what the medial orbitofrontal cortex experiences as 
beauty. So our research goal remains unchanged—identifying both the mechanisms 
underlying the species-specific behavioural repertoire and developing methods to 
influence it; however, our challenges designing biomedical experiments— especially in 
social behaviour—are profound and extremely complex. 

The complexity derives in part from unavoidable limitations. We cannot control 
inevitable disturbances such as fire alarms, repairs to the building, system issues, and 
outbreaks of disease. Although supply companies maintain rigorous quality control 
processes, there are variations in supplies like bedding. Each member of the staff has a 
unique odour and manner of handling the animals. Treatment for common conditions 
such as dermatitis (as well as the condition itself) can have effects on behaviour. Finally 
we cannot control costs and so the amount of space we can buy limits our ability to 
create a variety of social group opportunities and compare them. 

Perhaps most consequential of the limitations is that laboratory housing is not 
equivalent to the natural environment no matter how much we dress it up with features 
of the wild. It is difficult to imagine housing rats and predators, which are an important 
part of the rat’s environment. Considering what we know about the subtle influences of 
the laboratory environment on gene expression, we must take extreme care not only 
with design of protocol but also with experimental procedures and the interpretation of 
the results. 

In fact, this article is a plea for exquisite attention to species-specific conditions—and for 
consistency. Whether or not environmental conditions are optimal, keep them constant. 
If they are constant, the results can be interpreted and science can progress. If they 
vary, confounding variables can render results impossible to interpret—which means a 
waste of time, money, and most importantly, animal lives. 

Consistency is no more than good husbandry, yet we want to make a strong reminder: 
in order to obtain natural patterns of gene expression, it behoves us to know all we can 
about the species-specific patterns of behaviour in the natural environment, and that the 
smallest departures could influence gene expression and so research findings. Toward 
that end, ensure that the day length and daily cycles, the diet and enrichment are as 
close as you can come to species specific rather than to general recommendations. 
Once decisions have been made, it is imperative that they be followed consistently. 
Brief the technicians closely on the goals and protocols. Whatever your protocols, 
consistency helps us feel confident when interpreting results, so come as close as 
possible to housing and handling each animal identically. If the facility doesn’t have an 
early warning system, make whatever arrangements you can to intervene when 
conditions warrant it. 
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