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COVER PHOTOGRAPH: The mRNA for Fibroblast Growth Factor-8 can be de-
tected by wholemount in situ hybridization using chemically labeled RNA
that is complementary to this message. In this 3-day chick embryo, the Fgf8
message is found in the most distal ectoderm of the limb buds, in the bound-
ary between the midbrain and hindbrain, in the somites, in the branchial
arches of the neck, and in the developing tail. FGF8 is important for several
developmental processes, and it plays critical roles in the outgrowth of the
limbs and the patterning of the developing brain. Chapters 3, 7 and 18.
(Photograph courtesy of E. Laufer, C.-Y. Yeo and C. Tabin.)

BACK COVER PHOTOGRAPH: Photograph of a Day 20-21 chicken embryo at the
pipping and prehatching stage. Note the prominent peridermal covering at
the tip of the beak (egg-tooth), used by the chick to make holes in the egg-
shell, which has become thinner and more brittle as a consequence of min-
eral utilization by the embryo for its growing skeleton. This developmental
stage marks the transition of the embryo into an air-breathing chick. Chap-
ters 1 and 5. (Photograph from the International Poultry Journal, courtesy of R.
Tuan.)

The title pages

LEFT PAGE: Gene expression generates boundaries in Drosophila imaginal
discs. The large and small discs within the fly larva form the adult wing and
haltere, respectively. At this stage, Apterous protein (red) is expressed only
in the dorsal compartments; the Cubitus interruptus protein (blue) marks
the anterior (but not the posterior) compartments (a line forming this bound-
ary can be seen). The green staining (from the Vestigial protein) in the inte-
rior demarcates the boundary between the free limb and the hinge linking it
to the thoracic wall. Chapter 19. (Photograph courtesy of J. Williams, S. Pad-
dock and S. Carroll.)

RIGHT PAGE: Expression of the paraxis gene in the 6-somite chick embryo.
Wholemount in situ hybridization using a digoxygenin-labeled RNA com-
plementary to a portion of the chick paraxis message shows the expression of
this gene during somite formation. The Paraxis protein is important in estab-
lishing the structure of these mesodermal clusters. Chapters 2 and 9. (Photo-
graphic montage courtesy of R. Tuan.)
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Preface

he last years of the twentieth century find developmental biology

returning to the position it held a century earlier: the discipline that

unifies the studies of heredity, evolution, and physiology. In 1896, E.
B. Wilson'’s first edition of The Cell in Development and Inheritance announced
“the wonderful truth that a single cell may contain within its microscopic
compass the sum-total of the heritage of the species.” Today, developmental
biology is in the forefront of this study of our natural heritage. In its molecu-
lar aspects, it touches physical chemistry in its probing of the biochemical
mechanisms by which different proteins are made in different cells from the
same genome. It is also at the lead of evolutionary studies that seek to under-
stand how macroevolutionary changes have occurred. It has recently opened
a new area of ecological developmental biology wherein environmental
changes are seen to create alterations in organismal development. During
the past three years, developmental biology has also expanded into medicine,
merging with clinical genetics to create a revitalized science of human
embryology, a science that has already become important in explaining con-
genital malformations.

The fifth edition of Developmental Biology has been revised and rewritten
to reflect these ongoing revolutions. There have been four major changes in
the structure of the book since the last edition. First, it has become impossi-
ble to discuss the fundamental principles of embryology without knowledge
of gene activity or signal transduction pathways. Therefore, this information
has been brought into the introductory section of the book so that cellular
interactions such as fertilization and induction can be appreciated on the
molecular as well as on the morphological levels.

Second, new interest in the effects of the environment on normal and
abnormal development has led to a new chapter. Chapter 21, “Environmental
Regulation of Animal Development,” concerns the ways by which the envi-
ronment effects the phenotype of the organism. Interest in environmental
protection and in controversies surrounding possibly teratogenic pollutants
has forced a new awareness of the influences that the environment plays in
normal and abnormal development. Indeed, developmental biologists may
soon find themselves at the forefront of ecological conservation movements.
The first four editions of this book sought to integrate the molecular, cellu-



lar, and organismal approaches to developmental biology; this edition adds
the ecological dimension.

Third, this edition places new emphasis on the roles of paracrine factors
in development. Not only are the signal transduction studies placed in the
introductory section of the book, but Part V of the Fifth Edition begins with
an overview of the fibroblast growth factor, TGF-8, Wnt, and Hedgehog fam-
ilies of growth and differentiation factors.

Fourth, this book is connected to a website wherein students and facul-
ty can find more material on many selected topics. Such material includes (1)
details of experiments that are too specialized to put into the textbook, (2)
historical information about particular areas of developmental biology and
the personalities involved, (3) medical implications of particular develop-
mental phenomena, (4) debates or commentaries on issues relevant to the
field, and (5) updates of the text material in this increasingly rapidly grow-
ing area of biology. Movies and taped interviews are included and this fea-
ture will be expanded as the technology makes them easier to use. This web-
site is also connected to other websites and can be used to enrich one’s per-
spective about what is happening in animal development. The presence of a
website allows me to keep directing this book to the people for whom it was
originally intended: upper-level undergraduates and introductory graduate
students. It also has helped me keep the book from becoming a substitute for
standing weights.

It was Roux’s vision that developmental biology would “sometime con-
stitute the common basis of all other biological disciplines and, in continued
symbiosis with these disciplines, play a prominent part in the solutions of
the problems of life.” These were bold, even arrogant words one hundred
years ago; today, they express a widely held assumption. Development inte-
grates all areas of biology and plays the crucial role of relating genotype to
phenotype. Development can be studied using any organism and at any
level of organization, from molecules to phyla.

As the field continues to expand and deepen, a word of warning is called
for: developmental biology cannot be taught or learned in a single semester.
This text is an attempt to provide each person with sufficient material for
their course, but an instructor need not feel guilty for not assigning every
chapter, and students need not feel deprived if they have not read every
chapter. This is the beginning of the path, not its conclusion.

How to use the website

One can enter the website through its homepage [http://zygote.swarth-
more.edu/index.html] or through its table of chapter files located at
[http:/ /zygote.swarthmore.edu/info.html]. Alternatively, we have placed
specific access addresses throughout the book wherever a relevant entry
exists at the time of publication. These addresses all begin with
[http:/ / zygote.swarthmore.edu/] and are followed by the code given in the
textbook. Thus, the location specified on page 20 of the textbook is:

http:/ /zygote.swarthmore.edu/intro2.html

More locations are being added to the website, and these can be accessed by
entering the chapter files. In addition, by clicking on the “Other Files” button
on the bottom of each chapter file, connections to other websites will be facil-
itated. Have fun.

Preface

xvii
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