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CHAPTER 1

ON HUMAN NATURE

TN NS N N N

How would you describe yourself? If you had to list some personality
traits, say for a dating website or a job application, what words would
you use? Do you consider yourself shy or outgoing? Are you cautious
or reckless? Anxious or carefree? Are you creative, artistic, adventurous,
stubborn, impulsive, sensitive, brave, mischievous, kind, imaginative,
selfish, irresponsible, conscientious? People clearly differ in such traits
and in many other aspects of their psychology—such as intelligence and
sexual preference, for example. All of these things feed into making us
who we are.

The question is, how do we get that way? This has been a subject of
endless debate for literally thousands of years, with various prominent
thinkers, from Aristotle and Plato to Pinker and Chomsky, lining up to
argue for either innate differences between people or for everyone start-
ing out with a blank slate and our psychology being shaped by experi-
ence alone. In the past century, the tradition of Freudian psychology
popularized the idea that our psychological dispositions could be traced
to formative childhood experiences. In many areas of modern academic
sociology and psychology this belief is still widespread, though it has
been extended to include cultural and environmental factors more
broadly as important determinants of our characters.

But these fields have been fighting a rearguard action in recent years,
against an onslaught from genetics and neuroscience, which have pro-
vided strong evidence that such traits have at least some basis in our
innate biology. To some, this is a controversial position, perhaps even
a morally offensive one. But really it fits with our common experience
that, at some level, people just are the way they are—that they're just
made that way. Certainly, any parent with more than one child will
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know that they start out different from each other, in many important
ways that are unrelated to parenting.

This notion of innate traits is often equated with the influences of
genes—indeed, “innate” and “genetic” are often used interchangeably.
This idea is captured in common phrases such as “the apple doesn't fall
far from the tree;” or “he didn't lick it off the stones” These sayings re-
flect the widespread belief that many of our psychological traits are not
determined solely by our upbringing but really are, to some extent at
least, “in our DNA?”

How that could be is the subject of this book. How could our indi-
vidual natures be encoded in our genomes? What is the nature of that
information and how is it expressed? That is, in a sense, just a different
version of this question: How is human nature, generally, encoded in
the human genome? If there is a program for making a human being
with typical human nature, then our individual natures may simply be
variations on that theme. In the same way, the human genome contains
a program for making a being about so tall, but individual humans are
taller or shorter than that due to variation in the programs encoded in
their respective genomes. We will see that the existence of such variation
is not only plausible—it is inevitable.

BEING HUMAN

If we think about human nature generally, then we should ask, first,
whether it even exists. Are there really typical characteristics that are
inherent in each of us that make humans different from other animals?
This question has exercised philosophers for millennia and continues to
today, partly because it can be framed in many different ways. By human
nature, do we mean expressed behaviors that are unique to humans and
not seen in other animals? Do we mean ones that are completely uni-
versal across all members of the species? Or ones that are innate and in-
stinctive and not dependent at all on maturation or experience? If those
are the bars that are set, then not much gets over them.

But if instead we define human nature as a set of behavioral capaci-
ties or tendencies that are typical of our species, some of which may
nevertheless be shared with other animals, and which may be expressed
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either innately or require maturation or experience to develop, then the
list is long and much less contentious. Humans tend to walk upright,
be active during the day, live in social groups, form relatively stable
pair-bonds, rely on vision more than other senses, eat different kinds
of food, and so on. A zoologist studying humans would say they are bi-
pedal, diurnal, gregarious, monogamous, visual, and omnivorous—all
of these traits are shared by some other species, but that overall profile
characterizes humans.

And humans have capacities for highly dexterous movements, tool
use, language, humor, problem solving, abstract thought, and so on.
Many of those capacities are present to some degree in other animals,
but they are vastly more developed in humans. The actual behaviors
may only emerge with maturation and many depend to some extent
on learning and experience, but the capacities themselves are inherent.
Indeed, even our capacity to learn from experience is itself an innate
trait. Though our intellect separates us from other animals—by en-
abling the development of language and culture, which shape all of our
behaviors—our underlying nature is a product of evolution, the same as
for any other species.

Simply put, humans have those species-general tendencies and ca-
pacities because they have human DNA. If we had chimp DNA or tiger
DNA or aardvark DNA, we would behave like chimps or tigers or aard-
varks. The essential nature of these different species is encoded in their
genomes. Somehow, in the molecules of DNA in a fertilized egg from
any of these species is a code or program of development that will pro-
duce an organism with its species-typical nature. Most importantly, that
entails the specification of how the brain develops in such a way that
wires in these behavioral tendencies and capacities. Human nature, thus
defined, is encoded in our genomes and wired into our brains in just the
same way.

This is not a metaphor. The different natures of these species arise
from concrete differences in some physical properties of their brains.
Differences in overall size, structural organization, connections between
brain regions, layout of microcircuits, complement of cell types, neuro-
chemistry, gene expression, and many other parameters all contribute
in varied ways to the range of behavioral tendencies and capacities that
characterize each species. It’s all wired in there somehow. Human nature
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thus need not be merely an abstract philosophical topic—it is scientifi-
cally tractable. We can look, experimentally, at the details of how our
species-typical properties are mediated in neural circuitry. And we can
seek to uncover the nature of the genetic program that specifies the rel-
evant parameters of these circuits.

THE WORD MADE FLESH

To understand this genetic program, it is crucial to appreciate the way in
which information is encoded in our genomes and how it gets expressed.
It is not like a blueprint, where a given part of the genome contains the
specifications of a corresponding part of the organism. There is not, in
any normal sense of the word, a representation of the final organism
contained within the DNA. Just as there is no preformed homunculus
curled up inside the fertilized egg, there is no simulacrum of the organ-
ism strung out along its chromosomes. What is actually encoded is a
program—a series of developmental algorithms or operations, mediated
by mindless biochemical machines, that, when carried out faithfully,
will result in the emergence of a human being.

This is not a reductionist view. The DNA doesn't do any of this by
itself. The information in the genome has to be decoded by a cell (the
fertilized egg, in the first place), which also contains important compo-
nents required to kick the whole process off. And, of course, the organ-
ism has to have an environment in which to develop, and variation in
environmental factors can also affect the outcome. Indeed, one of the
most important capacities encoded in the genetic program is the ability
of the resultant organism to respond to the environment.

Moreover, while the information to make any given organism and to
keep it organized in that way is written in its genome, there is a web of
causation that extends far beyond the physical sequence of its DNA. Its
genome reflects the life histories of all its ancestors and the environments
in which they lived. It has the particular sequence it has because indi-
viduals carrying those specific genetic variants survived and passed on
their genes, while individuals with other genetic variants did not. A full
map of what causes an organism to be the way it is and behave the way it
does thus extends out into the world and over vast periods of time.
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However, what we are after in this book is not a full understanding
of how such systems work—how all those genetically encoded com-
ponents interact to produce a human being with human nature. It is
something subtly but crucially different—how variation in the genetic
program causes variation in the outcome. Really, that’s what we've been
talking about when we’ve been comparing different species. The differ-
ences between our genomes and those of chimps or tigers or aardvarks
are responsible for the differences in our respective natures.

INDIVIDUAL DIFFERENCES

The same can be said for differences within species. There is extensive
genetic variation across the individuals in every species. Every time the
DNA is copied to make a sperm or egg cell, some errors creep in. If
these new mutations don’t immediately kill the resultant organism or
prevent it from reproducing then they can spread through the popu-
lation in subsequent generations. This leads to a buildup of genetic
variation, which is the basis for variation in all kinds of traits—most
obviously physical ones like height or facial morphology. (Conversely,
shared profiles of genetic variants are the basis for familial similarities in
such traits.) Some of those genetic variants affect the program of brain
development or brain function in ways that contribute to differences in
behavioral tendencies or capacities.

We know this is the case because we can successfully breed for be-
havioral traits in animals. When wolves were tamed, for example, or
when other animals were domesticated, early humans selected animals
that were less fearful, less aggressive, more docile, more submissive—
perhaps the ones that came nearest to the fire or that allowed humans
to approach the closest without running away. If the reason that some
were tamer was the genetic differences between them, and if those ones
who hung around and tagged along with human groups then mated
together, this would over time enrich for genetic variants predispos-
ing to those traits. On the other hand, if the variation was not at least
partly genetic in origin then breeding together tame individuals would
not increase tameness in the next generation—the trait would not be
passed on.
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Figure 1.1 Selection of dog breeds for diverse behavioral traits.

Well, we know how that turned out—with modern dogs that have a
nature very distinct from their lupine ancestors. And that process has
been played out over and over again in the creation of modern dog
breeds (see figure 1.1). These breeds were selected in many cases for
behavioral traits, according to the functions that humans wanted them
to perform. Terriers, pointers, retrievers, herders, trackers, sled dogs,
guard dogs, lapdogs—all show distinct profiles of traits like affection,
vigilance, aggression, playfulness, activity, obedience, dominance, loy-
alty, and many others. All these traits are thus demonstrably subject to
genetic variation. The details of how genetic differences influence them
remain largely mysterious, but the fact that they do is incontrovertible.

And the same is true in humans, as we will see in subsequent chap-
ters. The empirical evidence for this is every bit as strong as it is in dogs.
Even just at a theoretical level, this is what we should expect, based on
the geneticist’s version of Murphy’s Law: anything that can vary will. The
fact that our nature as a species is encoded in the human genome has an
inevitable consequence: the natures of individual humans will differ due
to differences in that genetic program. It is not a question of whether
or not it does—it must. There is simply no way for natural selection to
prevent that from happening.
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BECOMING A PERSON

Just showing that a trait is genetic does not mean that there are genes “for
that trait” Behavior arises from the function of the whole brain—with
a few exceptions it is very far removed from the molecular functions of
specific genes. In fact, many of the genetic variants that influence be-
havior do so very indirectly, through effects on how the brain develops.

This was dramatically highlighted by the results of a long-running ex-
periment in Russia to tame foxes. Over 30 generations or more, scientists
have been selecting foxes on one simple criterion—which ones allowed
humans to get closest. The tamest foxes were allowed to breed together
and the process repeated again in the next generation, and the next, and
so on. The results have been truly remarkable—the foxes did indeed end
up much more tame, but it is how that came about that is most interesting.

While they selected only for behavior, the foxes” appearance also
changed in the process. They started to look more like dogs—with
floppier ears and shorter snouts, for example—even the coat color
changed. The morphological changes fit with the idea that what was
really being selected for was retention of juvenile characteristics.
Young foxes are tamer than older ones, so selecting for genetic differ-
ences that affected the extent of maturation could indirectly increase
tameness, while simultaneously altering morphology to make them
look more like pups.

This highlights a really important point. Just because you can select
for a trait like tameness does not mean that the underlying genetic varia-
tion is affecting genes for tameness. The effect on tameness is both indi-
rect and nonspecific, in that other traits were also affected. Though their
identities are not yet known, the genes affected are presumably involved
in development and maturation somehow.

The same kind of relationship holds in us. As we will see, the genetic
variants that affect most psychological traits do so in indirect and non-
specific ways—we should not think of these as “genes for intelligence”
or “genes for extraversion” or “genes for autism.” It is mainly genetic
variation affecting brain development that underlies innate differences
in psychological traits. We are different from each other in large part
because of the way our brains get wired before we are born.
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Figure 1.2 Human embryonic and fetal brain development. (Modified from B. Kolb and B. D. Fantie,
“Development of the Child’s Brain and Behavior,” in Handbook of Clinical Child Neuropsychology
(Critical Issues in Neuropsychology), 3rd ed., ed. C. R. Reynolds and E. Fletcher-Janzen (New York:
Springer, 2008), 19-46.)

But this is only half the story. Genetic variation is only one source of
differences in how our brains get wired. The processes of development
themselves introduce another crucial source of variation—one that is
often overlooked. The genome does not encode a person. It encodes a
program to make a human being. That potential can only be realized
through the processes of development (see figure 1.2). Those processes
of development are noisy, in engineering terms. They display significant
levels of randomness, at a molecular level. This creates strong limits on
how precisely the outcome can be controlled.

Thus, even if the genetic instructions are identical between two peo-
ple, the outcome will still differ. Just as the faces of identical twins differ
somewhat, so does the physical structure of their brains, especially at
the cellular level. The progressive nature of development means that this
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inherent variability can have very substantial effects on the outcome,
and, along with genetic differences, be a major contributor to differ-
ences in people’s psychological makeup.

In sum, the way our individual brains get wired depends not just on
our genetic makeup, but also on how the program of development hap-
pens to play out. This is a key point. It means that even if the variation in
many of our traits is only partly genetic, this does not necessarily imply
that the rest of the variation is environmental in origin or attributable to
nurture—much of it may be developmental. Variation in our individual
behavioral tendencies and capacities may thus be even more innate than
genetic effects alone would suggest.

A LOOK AHEAD

This book is split into two main sections. In the first, I present a con-
ceptual overview of the origins of innate differences in human facul-
ties. We will start by looking at the evidence from twin and adoption
studies of genetic effects on human psychological traits, brain anatomy,
and brain function. These studies can begin to dissociate the effects of
nature and nurture as contributors to variation across the population.
They aim to explain not what makes individuals the way they are but
what makes people different from each other. Because they are often
misconstrued, we will look carefully at what the findings mean and
what they don’t mean.

We will then look in more detail at genetic variation, where it comes
from and the kinds of effects it can have. We will examine how differ-
ences in the DNA sequence ultimately impact the kinds of traits we
are interested in—often, as discussed above, through effects on devel-
opment. We will look in depth at the mechanisms underlying the self-
assembly of the brain’s circuitry to see how it is affected by variation in
the genetic instructions. And we will consider just how noisy and inher-
ently variable those developmental processes can be. In the end, I hope
to have convinced you that both genetic and developmental variation
contribute to innate differences in people’s natures.

In the final chapter of the first section we will look at the role of nur-
ture in shaping people’s psyches. The human brain continues to mature

For general queries, contact webmaster@press.princeton.edu



© Copyright, Princeton University Press. No part of this book may be
distributed, posted, or reproduced in any form by digital or mechanical
means without prior written permission of the publisher.

10 o Chapter1

and develop over decades, and our brains are literally shaped by the ex-
periences we have over that period. It is common to view “nurture” as
being in opposition to nature, such that the environment or our experi-
ences act as a great leveler, to smooth over innate differences between
people or counteract innate traits in individuals. I will describe an alter-
native model: that the environments and experiences we each have and
the way our brains react to them are largely driven by our innate traits.
Due to the self-organizing nature of the processes involved, the effects
of experience therefore typically act to amplify rather than counteract
innate differences.

With that broad framework in place, we will then examine a number
of specific domains of human psychology in the second section. These
include personality, perception, intelligence, and sexuality. These diverse
traits affect our lives in different ways and genetic variation that influ-
ences them is therefore treated very differently by natural selection. As a
result, their underlying genetic architecture—the types and number and
frequency of mutations that contribute to them—can be quite different.
Much of the variation in these traits is developmental in origin—the cir-
cuits underlying these functions work differently in part at least because
they were put together differently. This means that random variation in
developmental processes, in addition to genetic variation, also makes
an important—sometimes crucial—contribution to innate differences
in these faculties.

We will also look at the genetics of common neurodevelopmental dis-
orders, such as autism, epilepsy, and schizophrenia. There has been great
progress in recent years in dissecting the genetics of these conditions,
with results that are fundamentally changing the way we think about
them. Genetic studies clearly show that each of these labels really refers
to a large collection of distinct genetic conditions. Moreover, while these
disorders have long been thought to be distinct, the genetic findings re-
veal the opposite—these are all possible manifestations of mutations in
the same genes, which impair any of a broad range of processes in neural
development.

The final chapter will consider the social, ethical, and philosophical
implications of the framework I've described. If people really have large
innate differences in the way their brains and minds work, what does
that mean for education and employment policies? What does it mean
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for free will and legal responsibility? Does it necessarily imply that our
traits are fixed and immutable? What are the prospects for genetic pre-
diction of psychological traits? What limits does developmental varia-
tion place on such predictions? And, finally, how does this view of the
inherent diversity of our minds and our subjective experiences influ-
ence our understanding of the human condition?
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conscientiousness, 1, 50, 101-102; and
educational attainment, 173; effects of
maltreatment on, 83; heritability of, 20;
reinforcement of, 96; and self-help, 268; sex
differences in, 206

consciousness, 157

control, effortful, 102, 208

cooking, 156

copy number variants. See CNVs

corpus callosum, 71, 72, 73, 192; sex differ-
ences in, 198

correlation coefficient, 16, 17, 19

cortex: anterior inferior temporal, 149; cell
migration in, 70, 148; cerebral, 60, 61,
64-65, 70-71, 72, 192; evolution of, 157;
and intelligence, 175; neuromodulatory
inputs to, 93, 113, 114; orbitofrontal, 116;
plasticity in, 93; prefrontal, 99, 113, 116,
242; sex differences in, 195; visual, 87, 89,
127, 128-30, 138, 143, 149

crime, 204, 214

CRISPR/Cas9, 247, 256

critical periods: in sensory systems, 90; in
sexual differentiation, 190, 194, 204

culture, 3, 53, 98, 157, 170; effects on sex
differences, 183, 204-205, 207, 209,
213-14

Curie, Marie, 180

cystic fibrosis, 232

cytosine, 33

Darwin, Charles, 180, 186
Darwin, Erasmus, 180
Davenport, Charles, 254, 256, 262
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de novo mutation, 37-42, 43; and intelligence,
163, 181; and neurodevelopmental dis-
orders, 224, 227, 229-30, 233, 245-46

deafness, 133-34, 220, 241, 253

decision-making: and human personality,
110-124; and impulsivity, 115, 115-116,
118, 122-124; parameters, 110, 110-114; in
robots, 107-109

deep brain stimulation, 247

del Giudice, Marco, 206

delay discounting, 110, 115

deletion syndrome, 22q11, 223, 225, 226

deletions. See chromosomes, deletions or
duplications of segments of

delusions, 49

dementia, 213

dendrites, 21, 57, 58, 59, 62; and synaptic
plasticity, 87, 111

deoxyribonucleic acid. See DNA

determinism, 264-65

developmental brain dysfunction, 233, 239

developmental delay, 225, 228, 237, 239

developmental program, 64-65, 77-79, 86,
90, 257; robustness of, 178-79

developmental variation, 54, 70, 73-75, 78, 81,
86, 97, 195, 248; and intelligence or IQ, 179;
and neurodevelopmental disorders, 233;
and perception, 143; and personality traits,
124; and sexual differentiation, 201, 211

dichromatic (vision), 136, 136-37

differentiation, cellular, 36, 55-56, 69, 135, 268

differentiation, sexual. See sexual
differentiation

diffusion-weighted imaging, 23. See also
imaging or neuroimaging

dimorphism, sexual, 186, 191, 192, 196, 208

direct-to-consumer genetic profiling, 258

disability, intellectual, 120, 142, 162, 162-63,
170-72, 181, 210-12, 217, 219, 223, 225,
226, 227-28, 233, 237-39, 241, 252, 256

distribution, normal, 18, 19, 48

diversity, genetic, 184, 259-61

DNA, as genetic material: 31-33, 34, 35

DNA replication, 33, 38, 39, 40, 225, 227

DNA sequence, 4, 9; evolutionary constraint,
176; information in, 32-33, 34, 35-37;
repeats, 172, 225; variation in, 37-38, 39,
40, 44-45, 55, 104, 105, 173, 227-28

DNA sequencing, 228, 253

dogs: selective breeding of, 6, 6-7, 254, 259;
sensory abilities of, 132-34

domestication, 5
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dominance: displays, 186; in dogs, 6; in mice,
98; personality trait, 100; sex differences in,
206-207, 209

dopamine: in decision-making, 111-12,
113, 116-17; and personality traits, 104,
109; in schizophrenia, 242, 244. See also
neuromodulators

double helix, 33

Down syndrome, 27, 40, 162-63, 246, 253

Dravet syndrome, 246

drift, genetic, 44, 171, 258

drug abuse, 20. See also substance abuse

dualism, 265

duplications. See chromosomes, deletions or
duplications of segments of

dwarfism, 48-49, 164-64, 241-42, 253

dyslexia, 142-43, 212; sex differences in, 235

education: and intelligence or IQ, 97, 156,
159, 161, 164, 166-68, 263; and sex differ-
ences, 212

educational attainment, 14, 20, 173-74, 235

EEG, 91, 138, 142, 151, 176

egg: fertilized, 3-4, 13, 36, 54-55; mutations
arising in, 5, 27, 39, 40, 45, 163, 171-72,
181, 184, 188; use in in vitro fertilization,
253-54, 258

Einstein, Albert, 180-81

electroencephalogram. See EEG

electroencephalography, 176. See also EEG

Ellington, Duke, 146

embryo, 8, 13, 36; development of, 54-56,
61-62, 69, 79; genome editing in, 247, 256;
inherited mutations in, 39, 40; preimplan-
tation screening of, 14, 245, 253-57; sexual
differentiation of, 188; somatic mutations
in, 230;

emergent properties, 46, 50, 244, 249, 265

emergent psychological symptoms, 242, 243,
244, 246

emotion: in decision-making, 111, 117; in
synesthesia, 144, 153

emotional processing, 83

emotional responsiveness, 94

emotional stability, 100; sex differences in,
206-208

emotional states, 92

emotional withdrawal, 218

emotionality, negative, 102

empathizing, 14, 207

environment, family or shared, 12-13,
17-19, 28-30, 51-52, 54, 74; and early
experience, 83-85; heritability of, 96; and
intelligence, 97, 164-166, 168, 180; and
neurodevelopmental disorders, 222; and
personality traits, 103

environment, nonshared, 30, 51-52, 54, 74, 85

environmental effects or factors, 1, 4, 51-54,
73,77, 86, 122; and intelligence, 161, 164-
167, 179, 260, 262; and neurodevelopmental
disorders, 218-220, 231, 244; and sexual
dimorphism, 208

environmental variance or variation, 9, 26-28,
52, 66, 167, 244; between groups, 260, 262

enzymes, metabolic, 35, 57, 238, 246

epigenesis, 76

epigenetic landscape, 74, 76-77

epigenetics, 76, 81, 268-69

epilepsy, 10, 59, 148, 172, 218, 221, 223, 225,
226, 228, 233, 234, 238, 241, 246; and
eugenics, 252, 254; probabilistic effects on
inheritance of, 70, 75, 148

estrogen, 189-91, 193-94

estrous cycle, 189, 192, 213

ethics, 254

eugenics, 14, 158, 252-258

evolution, 48, 64, 76-77, 90; cultural, 157-58;
human, 3, 262; of intelligence, 156-58,
170, 177-78; and neurodevelopmental
disorders, 224, 239-40; and sex, 185-87,
199, 204, 207-209, 258

executive function, 116

experience: early, 82-86; subjective, 11, 91,
92, 94, 111, 134, 138, 145, 265

extraversion, 7, 14, 20, 46, 49, 100-102;
genetics of, 104-105; GWAS of, 106; and
impulsivity, 114, 115; sex differences in, 206

eye color, 47, 169, 249

Eysenck, Hans, 100-101

face blindness, 139-140, 141, 141-42, 154,
253

face-processing network, 141

faces: sex differences in, 187, 196, 197, 204,
206, 211; symmetry of, 66, 66, 78-79, 178,
211; variation in, 5, 8, 50, 65-66, 66, 258;
visual processing of, 127, 129, 140-42

failure modes, 244

family environment. See environment, family
or shared
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fear, 117

fearfulness, 5

feedback: in experience-dependent develop-
ment, 90, 94, 96-97, 99, 205, 244; in evolu-
tion of intelligence, 158; genetic, 56, 69,
76-77; in visual system, 130

feminization, 189, 190, 196, 201, 203

fertilization, 40, 75, 184; in vitro, 245, 253

fetal biochemistry and physiology, 77

fetal brain, 8, 174; genes expressed in, 236

fetus, 79, 185, 190; prenatal screening of, 253

Feynman, Richard, 180

fingerprint, neural, 25

fitness, evolutionary, 41-42, 44-45, 79, 250,
260; and intelligence, 176-78, 235, 256,
263; and sexual selection, 186-87

flexibility: cognitive, 118, 155, 157; in neural
development, 90-91, 99

flicker detection, 132, 138

Flynn effect, 166

Flynn, James, 166

fMRI. See magnetic resonance imaging,
functional

foraging, 186

forebrain, 8, 57, 114

four humors, 112

foxes, 7

fragile X syndrome, 162, 223, 226, 234, 246

fragility of complex systems, 77

free will, 265-66

Freud. See psychology, Freudian

frontal lobes, 70; and intelligence, 175; in per-
ception, 140, 141, 142-43. See also cortex:
prefrontal; orbitofrontal

functional magnetic resonance imaging. See
magnetic resonance imaging, functional

fusiform face area, 140

fusiform gyrus, 140

g See intelligence, general

Galen, 112

Galton, Francis: and behavioral traits, 14; and
correlation, 17; and eugenics, 14, 254, 256,
262; and intelligence, 180; and synesthesia,
145, 149

gametes, 39

Gattaca, 79, 258

Gauss, Carl, 180

gender: identity, 194, 202; roles, 205, 207
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gene(s): definitions of, 31, 37-38; regulatory
regions of, 36-37; relationship to traits,
249-50, 251, 252; structure of, 32-33, 34,
35-37

gene by environment interaction, 121-22

gene expression, 35-37, 55-56, 76; and epi-
genetics, 76, 84, 268; noise in, 68-69; and
serotonin, 120; in sex determination, 188;
sex differences in 192-93, 196, 199, 213

genetic architecture, 10; of behavioral or
psychological traits, 250, 251, 259-60; of
intelligence, 169-70, 256; of neurodevelop-
mental or neuropsychiatric disorders, 222,
223; of personality traits, 123; of sexual
orientation, 202

genetic code, 33, 34, 35

genetic information, 2, 4, 14, 32-33, 35-36,
40, 67, 90, 245, 252-55, 257-58

Genetic Information Nondiscrimination Act,
257

genetic prediction, 252-58

genetic program, 4-6, 23, 86, 251; and intel-
ligence, 158, 176; robustness of, 236, 240;
and sexual differentiation, 193, 201

genetic variation, 5-10; dynamics of, 41-45;
effects of, 45-50; and epigenetic land-
scape, 76; and group differences, 262; and
heritability, 12, 20, 30; and intelligence
or IQ, 159, 169; and neurodevelopmental
disorders, 230; and perception, 125, 133,
137; and personality traits, 103, 114, 121,
123-24; relation to psychological traits,
248-50, 251, 252; and sex differences, 195

genetics, quantitative, 169-70

genius, 153, 179-82, 240

genome, human. See human genome

genome editing, 247, 256

genome sequencing, 226, 228, 245; fetal, 253

genome-wide association study. See associa-
tion study, genome-wide

germ cells, 184, 188

Germany, 14, 254

germline, 184, 229-30, 256

gibbons, 186

GINA. See Genetic Information Nondiscrimi-
nation Act

goals, 82,109, 267

gonads, 188, 189, 192

gorillas, 186

grapheme, 149

gray matter, 21, 23, 152
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gregariousness, 3, 206

grooming, 186

group differences, 195, 258-64

growth cone, 62

guanine, 33

GWAS. See association study, genome-wide

habits or habitual behavior, 91-94, 94, 99,
112, 264, 266; and self-help, 268

hair, red, 47, 49

hallucinations, 49

hallucinogens, 152

handedness, 49, 73-75, 203

harm aversion, 115,117

Hawke, Ethan, 79

health, and intelligence, 161, 166-66, 177,
178, 256-57, 263

height, 5, 13, 15-16, 18, 19, 26-27, 47-48, 98,
163, 169, 177, 178, 195, 208, 258

hemispheres, cerebral, 21, 64, 71, 72, 178,
197-98

hemoglobin, 35-38, 41, 49

heredity, 27, 31, 33, 37, 48, 249, 254

heritability, 20, 25-28; of asymmetry, 78; of
brain structure, 21, 23; of dyslexia, 143;
of epilepsy, 70; of functional connectivity
measures, 25; and genetic determinism,
264; of handedness, 74; of impulsivity, 115;
of intelligence or IQ, 97, 165-68, 179, 262;
of life events, 96; of neurodevelopmental
disorders, 221; of sexual orientation, 201

Herrnstein, Richard, 262

heterosexuality, 201-203

high altitude, adaptation to, 259

hindbrain, 8, 57

hippocampus, 61, 191, 242, 244

Hippocrates, 112, 220

Hirschsprung’s disease, 234-35

histogram, 18

homicide, 171, 204

hominids, 156, 183, 186

Homo sapiens, 156, 263

homosexuality, 201-203

horizontal cells, 126, 127

hormones: regulating appetite, 49; sex,
188-94, 200, 202, 204, 236; stress, 193

Htrla, 120. See also serotonin receptors

Htrlb, 119. See also serotonin receptors

HTR2B, 121. See also serotonin receptors

human genome, 2, 6, 26, 35, 37, 41, 44, 54-55,
207, 225,228

Human Genome Project, 228
human nature, 1-5, 102
hunting, 156, 186

Huntington’s disease, 232
hyperconnectivity, 143
hypothalamus, 93, 191, 192, 195

ibn ’Imran, Ishag, 221

idiopathic cases of disorders, 222-23, 226

illusions, optical, 130, 131, 138

imaging or neuroimaging, 20-21, 22, 23-25,
70; of brain asymmetry, 178; of brain
malformations, 64; and face perception,
140; and intelligence or IQ, 175-76; and
perception, 129; and personality, 107, 116;
and sex differences, 194-200, 206, 213; and
synesthesia, 151;

impulsivity, 20, 114, 115, 115-121

in vitro fertilization. See fertilization, in vitro

INAH-3, 191, 192, 195, 202

infection, maternal, 77

inference, active or predictive, 126-29, 130, 131

inheritance, 27, 31, 38; blended, 47-48, 169;
discrete or Mendelian, 47-48, 147; of
intelligence, 169, 180; of neurodevelop-
mental disorders, 223; probabilistic, 75; of
synesthesia, 147; X-linked, 163

inhibition, behavioral, 117, 119

inhibition, neural, 246. See also neurons,
inhibitory

instincts, 2, 92, 99, 157

insulin, 35, 36

insurance, 257-58

intellectual disability, 120, 142, 162, 162-62,
170-72, 181, 226; and copy number vari-
ants (CNVs), 225, 226, 227; diagnosis, 219,
238-39; and eugenics, 252, 256; in fragile
X syndrome, 223; and life expectancy, 217;
in metabolic disorders, 238; persistence of,
241; rare mutations in, 228; sex differences
in, 210-12

intelligence or IQ: amplification of initial dif-
ferences in, 97; brain correlates of, 175-76;
childhood, 82, 97; and CNVs, 172-73; and
cognitive reserve, 177, 178-79; and devel-
opmental robustness, 177, 177-79, 235;
distribution, 18, 161, 162; and education,
159, 161, 167-68; environmental effects on,
165-69, 263; essence of, 156-58; and Flynn
effect, 166-67; general (g), 160; as general
fitness indicator, 176-177, 177, 178, 235,
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177; genetic prediction of, 258; group dif-
ferences in, 27, 262-63; GWAS of, 173-74;
and health, 161, 177; heritability of, 97,
165-66; and life outcomes, 161; and longev-
ity, 161; measuring, 159-61; and neurode-
velopmental disorders, 177, 178-79, 235;
and neurodevelopmental genes, 174-75;
parenting effects on, 29; and rare mutations,
173; sex differences in, 209, 210, 211-12;
and symmetry, 177, 178; twin and adoption
studies of, 164-65. See also 1Q tests

intelligence quotient. See intelligence or IQ

interests, 20, 28; in autism, 153, 241; sex dif-
ferences in, 98, 187, 205, 207, 212, 214

intermittent explosive disorder, 121

interstitial nucleus of the anterior hypothala-
mus-3. See INAH-3

inverse problem, 126

ion channels, 35, 57, 59, 175, 237, 246

1Q tests, 52, 97, 156, 159, 160, 161; and CNVs,
172; distribution of scores, 161, 162; and
education, 167-68; and genius, 179-80;
group differences in, 262-63; sex differ-
ences in, 209, 210, 211-12; test-retest reli-
ability, 15, 52, 165; twin studies of, 164-66.
See also intelligence or IQ

IVE. See fertilization, in vitro

Jackson, Andrew, 132
Joel, Billy, 146
Joel, Daphna, 196

Kandinsky, Wassily, 146

Kinsey, Alfred, 200

knowledge, conceptual, 131, 139, 141, 142,
143; and education, 168; in intelligence
testing, 159-60;

lactase, 259

language, 3, 20, 50, 157, 170; learning, 90-91;
in neurodevelopmental disorders, 216,
242,244

Law, Jude, 79

learning, 3, 82, 87, 92, 93, 117, 148; disabili-
ties, 235; and habit formation, 112; and
intelligence, 156, 167, 170; and neuro-
modulators, 11;

Leibniz, Gottfried, 180

Index « 287

lemurs, 156

leptin, 49

LeVay, Simon, 202

Lewis, Marc, 99

Lindbergh, Charles, 254

Liszt, Franz, 146

lithium, 217

longevity, 161, 256

LSD. See lysergic acid diethylamide
lysergic acid diethylamide, 152

macrocephaly, 237

magnetic resonance imaging (MRI), 20-21,
22,23, 107; functional (fMRI), 24. See also
imaging or neuroimaging

maltreatment, childhood, 82-85, 122

mania, 266

MAOA. See monoamine oxidase A

masculinization, 189, 190-91, 193-94, 196,
201-203

mating, 108-109, 184-86, 204, 260

Matrix, The, 133

maturation, 2-3, 7, 23, 73, 82, 86, 99, 168,
198, 243, 267; sexual, 200, 208

mechanosensation, 135

melanocortin 1 receptor, 49

memory, 14, 20, 87, 170; in neurodevelop-
mental disorders, 242; in perception, 139,
141, 143; in savants, 153, 181; working 159

Mendel, Gregor, 31, 37, 47-48

Mendelian inheritance, 47-48, 140, 147, 232

mental illness. See psychiatric disorders

mescaline, 152

messenger RNA, 34, 35-37, 68

Messiaen, Olivier, 146

microarray, 224, 227

microcircuit, 3, 59, 89, 249

midbrain, 8, 57, 112, 113,117, 242

migraine, 213

migration, cellular, 61-62, 64, 69-70, 123,
148, 174, 237, 242

mindfulness, 266

monkeys: brain size in, 156; color vision in,
136; decision-making in, 115; sex differ-
ences in, 190, 204

monoamine oxidase A (MAOA), 119, 120-22

monogamy, 3, 185

mood, 111-12, 216-17, 242, 267; disorder, 83

morphology, facial, 5, 196, 197, 206, 223, 258

mortality: infant, 171; and intelligence, 171,
178; in psychiatric disorders, 217
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mosaic: male-female brain, 196; of somatic
mutations, 230

mothers, refrigerator, 218

MRI. See magnetic resonance imaging (MRI)

mRNA. See messenger RNA

multiple sclerosis, 213

Murray, Charles, 262

music, 156; perception of, 142, 144; in synes-
thesia, 145-47, 152-53; talent for, 20, 50,
86,97, 153

mutation (process of), 38, 39, 40; and selec-
tion, 41-42, 43, 44, 170-71, 240

mutations, 5, 10, 27, 38, 39, 40; and brain
malformations, 64; de novo or new, 5, 27,
39,40-42, 43, 44, 147, 157, 163, 169-71,
178, 181, 202, 222, 224, 227, 229-30, 233,
245-46, 250; and developmental robust-
ness, 78-79, 235, 239; and eugenics, 252—
53, 255-57, 259; high-risk, 224, 226, 232,
234, 238, 245; influence on traits, 48-49,
249-50, 251, 252; in model organisms,
64; and neurodevelopmental disorders,
217, 222-25, 226, 227-232, 233, 234-38,
240-42, 243, 244-46; and origins of sexual
reproduction, 183-85; pathogenic, 225,
230, 235-36; point, 38, 40-42, 227; in the
population, 41-45; and probabilistic neural
development, 69-71, 73, 77; rare, 120-21,
179, 202, 224, 228, 232, 234-36, 245, 252;
severe, 122, 162, 163, 177, 210, 224, 233,
236, 257. See also chromosomes, deletions
or duplications of segments of; CNVs (copy
number variants)

mutation-selection balance, 43, 44, 240

mutational load: and developmental robust-
ness, 78-79, 235, 239; and eugenics,
256-57; and intelligence, 177, 177-79, 263

mutational target, 240

myelin, 21

myopia, 135

Nabokov, Vladimir, 146-47

negative reinforcement, 117

neglect, childhood, 29, 82-83, 85

neonates, 190-98

networks, brain or neuronal, 23, 25, 87, 89,
93, 116, 175; efficiency of, 176, 177; face-
processing, 140, 141; sex differences in,
194, 196, 199

neural circuits, 4, 50, 65, 80; in perception,
125, 133, 139; and personality, 103-104,

120; refinement of, 91; robustness of, 178;
sex differences in, 185

neural development: probabilistic nature of,
69-74; summary of processes of, 54-74

neural fingerprint, 25

neurexin-1. See NRXN1

neuro-feedback, 247

neurochemistry, 3; and personality, 104, 107;
sex differences in, 187, 199; and synesthesia,
152

neurodevelopmental disorders, 10, 65; clinical
genetics of, 245-46; emergence of pathology
in, 241, 244; and environmental factors, 219;
genetic architecture of, 232, 233; genetic
prediction of, 252-53; mutations causing,
226, 229-31; and personality traits, 123; sex
differences in, 211, 213, 235. See also neuro-
logical disorders; psychiatric disorders

neuroimaging. See imaging or neuroimaging

neurological disorders, 199, 212, 217, 220

neuromodulators: circuits, 113; and decision-
making, 116; in development, 120; gating
synaptic plasticity, 93, 94; and impulsivity,
116-18; and organization of behavior, 109,
111-12; variation in, 112, 114, 122, 124. See
also acetylcholine; dopamine; noradrena-
line; serotonin

neurons, 57-61; excitatory, 59, 60, 61, 111;
inhibitory, 59, 60, 61, 111; morphology of,
57, 58; types of, 57, 59, 242;

neuropeptides, 109, 193

neuroplasticity. See plasticity

neurosexism, 214

neuroticism, 100-102, 104, 109, 122, 158; and
childhood trauma, 83; GWAS of, 106; and
impulsivity, 114, 115; and self-help, 268-69;
sex differences in 206

neurotransmission, 58, 59, 110, 237; and
synaptic plasticity, 87, 88

neurotransmitter, 58, 59, 87, 110, 111, 117,
175, 252; receptors, 35, 58, 59, 87, 111

Newell, Fiona, 147

Newton, Isaac, 180

noise, developmental, 15, 67-71, 74, 77-78;
and genotype-phenotype relationships,
250; and intelligence, 177, 181-82; and
neurodevelopmental disorders, 240; and
neuromodulatory circuits, 114; and sexual
differentiation, 203

nongenetic effects or variation, 27-28; 70, 75;
in intelligence, 179; in neurodevelopmental
disorders, 244; in sexual orientation, 203
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nonshared environment. See environment,
nonshared

noradrenaline, 109, 116

normal distribution. See distribution, normal

novelty salience, 110, 115

NRXNI, 226, 237

nucleus accumbens, 113

nullisomy, 39

number form, 144-45, 149

nurturance, 206-207, 209

nurture, 9-10, 12, 14, 84-86; and early brain
plasticity, 81-82; and developmental
variation, 51, 53-54; and intelligence, 165;
nature of, 81-99; and personality traits, 103

nurturing, 186

nutrition, 26, 77, 166-67, 208, 263

obesity, 27, 49

obsessive compulsive disorder, 247

odorant receptor, 134

OFC. See cortex, orbitofrontal

olfactory neurons, 134

openness to experience or ideas, 83, 100-101;
and educational attainment, 173; sex differ-
ences in, 206

opsins, 117, 126, 128, 132, 135, 136, 136-37

optic nerve, 87, 128

optogenetics, 117-18

ovaries, 188, 189

oxytocin, 193

pain, 49, 92, 135, 137, 193

pair-bonding, 3, 193

pallidum, 195

parental behaviour or parenting, 2, 28-29, 53,
81, 83-84, 95, 95-96, 168, 264; in psychi-
atric disorders, 218, 222; sex differences in,
186, 193

parietal lobe, 70, 175

Parkinson’s disease, 176, 247

patterning, 55-57, 61, 64, 69

peas, 31, 37

peers, 52-53, 85, 95, 96, 198

PER2, 49

perception, 14; as active inference, 126,
128-129, 130, 130-31; and critical periods,
90; differences in, 133-39; and formation
of concepts, 139-154; and learning, 92;
in neurodevelopmental disorders, 216,
242; relationship to gene function, 249;

Index « 289

subjective, 125; and synesthesia, 143-154;
and the Umwelt, 131-33

personality traits, 1, 10, 13-15, 158; classifica-
tion of, 100-103; and decision-making, 109,
110, 111-12; developmental influences on,
104, 122-24; and educational attainment,
173; environmental influences on, 53, 83;
gene by environment effects on, 121-22;
genes and circuits associated with, 105-107;
and habits, 264; heritability of, 20, 104;
and neuromodulators, 112, 114; in robots,
107-109; selection on, 259; and self-help,
266, 268-69; sex differences in, 187, 199,
205-209; sources of variance of, 103-104

personality disorder, 121, 253

PET (positron emission tomography), 151

PFC. See cortex, prefrontal
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244; relationship to genotype, 27, 250, 252;
sex differences in variance of, 208, 211; of
synesthesia, 148-50

phenylketonuria, 246

phenylthiocarbamide, 134

phoneme, 91, 149

photoreceptor, 117, 126, 127, 135

physiological states, 92, 111

Pinker, Steven, 1, 28

pioneer axons, 63, 71, 72

PISA. See Programme for International Stu-
dent Assessment

plasticity: brain or synaptic, 59, 80-82, 86,
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28-29, 82-86; and self-help, 269; sex differ-
ences in, 214

psychology, Freudian, 1

psychopath or psychopathy, 216, 253

psychosis, 49, 218, 223, 238, 241, 244, 266

psychotherapy, 217, 266

psychoticism (personality trait), 101

puberty, 189, 198, 200

punishment, 82, 110, 111, 115, 115, 117

quantum indeterminacy, 67
questionnaire, 13-15, 101, 115

race, 254, 258-64

Ramachandran, Vilayanur, 145

randomness in neural development, 8,
10, 50, 54, 67-68, 70, 73, 74, 74-76,

148, 154; and fluctuating asymmetries,
178; and genetic determinism, 264; and
neurodevelopmental disorders, 233; and
psychological traits, 73; and sexual dif-
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Htrla, Htr1b, HTR2B

serotonin transporter (5HTT), 118, 119, 119,
121

sex determination, 187, 189

sexual differentiation, 183-85, 188-89, 193,
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bution to (heritability), 25-27, 45; from
family environment, 84-86, 96; nongenetic
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velo-cardio-facial syndrome, 223, 225

ventral tegmental area, 113

verbal fluency, 159

violence: and personality, 121; sex differences
in, 186, 204-205, 214

visual cortex. See cortex, visual

visual-spatial processing, 159

vitamin D, 259

vocabulary: color terms, 137; and IQ, 159-60

von Neumann, John, 180-81

von Uexkiill, Jakob, 131

‘Waddington, Conrad, 74, 76-77
Wade, Nicholas, 261

Wakefield, Andrew, 219-20
‘Ward, Jamie, 153

Index « 293

warmth, 20, 100; sex differences in, 206
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