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Preface to the First Edition

The human brain is said to be the most complex object
in our known universe, and the billions of cells and
trillions of connections are truly wonders of enormous
proportions. The study of the way that the cellular
elements of the nervous system work to produce
sensations, behaviours, and higher order mental
processes has become a most productive area of
science. However, neuroscientists have come to realize
that they are studying a moving target: growth and
change are integral to brain function and form the very
basis by which we can learn anything about it. As the
behavioral embryologist George Coghill pointed out,
“Man is, indeed, a mechanism, but he is a mechanism
which, within his limitations of life, sensitivity and
growth, is creating and operating himself.” To
understand the brain, then, we need to understand
how this mechanism arises and the ways in which it
can change throughout a lifetime.

The construction of the brain is an integrated series
of developmental steps, beginning with the decision
of a few early embryonic cells to become neural
progenitors. As connections form between nerve cells
and their electrical properties emerge, the brain begins
to process information and mediate behaviors. Some
of the underlying circuitry is built into the nervous
system during embryogenesis. However, interactions
with the world continuously update and adapt the
brain’s functional architecture. The mechanisms by
which these changes occur appear to be a continua-
tion of the processes that sculpt the brain during
development. Since the text covers each of these
developmental steps, it is relatively broad in scope.

An understanding of the development of the
nervous system has importance for biologists in a
larger context. Studies of development have led to
insights into the evolutionary relationships among
organisms. The dogma of phylogeny and ontogeny of
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the last century has been superseded by a deeper
understanding of the ways in which evolutionary
change can be effected through changes in
development. The brain is no exception to these rules.
We should expect that insight into the evolution of that
which makes us most human will be gained from an
appreciation of how developmental processes are
modified over time.

The goal of this text is to provide a contemporary
overview of neural development for undergraduate
students or those who have some background in the
filed of biology. This intent is not compatible with a
comprehensive review of the literature. A recent
MEDLINE search of publications in the field of neural
development [(neural or neuron or nervous) and
(development or embryology or maturation)] yielded
56,840 papers published between 1966 and 1999. We
admit, up front, to having read only a fraction of
these papers or of the thousands that were published
before 1966. As a practical matter, we made use of
authoritative books, contemporary review articles,
hallway conversations, and e-mail consultations to
select the experiments that are covered in our text.
Even so, we expect that important contributions have
been missed inadvertently. Therefore, advanced
students will find themselves quickly turning to
specialized texts and reviews. Another compromise
that comes from writing an undergraduate biology
book well after the onset of the revolution in molecular
biology is that all subjects now have a rather broad
cast of molecular characters. In addition, the most
instructive experiments on a particular class of
molecules have often been performed on nonneural
tissue. Even if we chose to cover only the genes and
proteins whose roles have been best characterized in
the nervous system, most chapters would run the risk
of sounding like a (long) list of acronyms. Therefore,
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we charted a compromise between the need to update
students and our strong inclination to hold their
attention. The book does not contain exhaustive lists
of molecular families, and the most current articles
must serve as an appendix to our text.

Among the many scientists who helped us through
discussions, unpublished findings, or editorial
comment are (in alphabetical order) Chiye Aoki,

Michael Bate, Olivia Bermingham-McDonogh, John
Bixby, Sarah Bottjer, Martin Chalfie, Hollis Cline,
Martha Constantine-Paton, Ralph Greenspan, Voker
Hartenstein, Mary Beth Hatten, Christine Holt, Darcy
Kelley, Chris Kintner, Sue McConnell, llona Miko,
Ronald Oppenheim, Thomas Parks, David Raible,
Henk Roelink, Edwin Rubel, John Rubenstein, David
Ryugo, Nancy Sculerati, Carla Shatz, and Tim Tully.



Preface to the Second Edition

The human brain—perhaps the most complex object in
our universe—is composed of billions of cells and tril-
lions of connections. It is truly a wonder of enormous
proportions. Although we are far from a thorough
understanding of our brains, study of the way that
the cellular constituents of the nervous system, the
neurons and glia, work to produce sensations, behav-
iors, and higher order mental processes has been a most
productive area of science. However, more and more,
neuroscientists are realizing that we are studying a
moving target-growth and that changes are integral to
brain function, forming the very basis for learning, per-
ception, and performance. To comprehend brain func-
tion, then, we must understand how the circuits arise
and the ways in which they are modified during matu-
ration. Santiago Ramén y Cajal, one of the founders of
modern neuroscience, was able to make his remarkable
progress in studies of the cellular makeup of the
nervous system in large part because of his work with
the embryonic brain, choosing to study “the young
wood, in the nursery stage...rather than the...
impenetrable . . . full grown forest.”

The construction of the brain is an integrated series
of developmental steps, starting with the decision of a
few early embryonic cells to become neural progenitors
and nearing completion with the emergence of behav-
ior, which is the scope of this book. Interactions with
the world continuously update and adapt synaptic
connections within the brain, and the mechanisms by
which these changes occur are fundamentally a contin-
uation of the same processes that sculpted the emerg-
ing brain during embryogenesis.

Studies of development have also led to insights
about the evolutionary relationships among
organisms. The dogma of phylogeny and ontogeny of
the last century has been superseded by our current
deeper understanding of the ways in which
evolutionary change can be effected through changes

xiii

in development. The brain is no exception to these
rules, and we can expect that much insight into the
evolution of that which makes us most human will be
gained from an appreciation of how developmental
processes are modified over time.

The goal of this text is to provide a contemporary
overview of neural development both for under-
graduate students and for those who have some
background in the field of biology. This intent is not
compatible with a comprehensive review of the litera-
ture. In the first edition, we noted that there were about
54,000 papers published in this field between 1966 and
1999. Another 25,000 have appeared during the past
4 years (using the search string “neural or neuron or
nervous” and “development or embryology or matu-
ration” and 2000:2004). We charted a compromise
between the need to update students and our strong
inclination to hold their attention. The book does not
contain exhaustive lists of molecular families, and
the most current review articles must serve as an
appendix to our text. Since the text does not encom-
pass many exciting areas of research, students will find
themselves quickly turning to specialized texts and
reviews.

Among those who helped us through discussion
and editorial comment are: Chiye Aoki, Michael Bate,
Carla Shatz, Ford Ebner, Edward Gruberg, Christine
Holt, Lynne Kiorpes, Vibhakar Kotak, Tony Movshon,
Ron Oppenheim, Sarah Pallas, Sheryl Scott, Tim Tully,
and Lance Zirpel.

Finally, we acknowledge our editor, Johannes
Menzel, with particular gratitude, for his help, advice,
and perseverance.

Dan H. Sanes
Thomas A. Reh
William A. Harris
July 2005
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