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Three-day-old embryos of Costa Rican red-eyed tree frogs (Agalychnis
callidryas). The female frog lays her eggs on a leaf overhanging a pond, so that
when the tadpoles hatch (normally in about 7 days), they wiggle out and fall

. SR » . ; . e . )
D ev el 0 pm nt al into the pond. The tadpoles d.evelopme‘fnt 1s.exqu151tely tuned to Fhelr environ-
. ment, and the larvae place their branching gills near the oxygen-rich egg
. BlOIogy & i e surface. Tadpoles respond rapidly to the presence of infectious fungi or
‘ ‘ . predaceous snakes, hatching early (often at 5 days) and taking their chances in

the pond rather than succumbing to predation (see Chapter 18). Photograph
courtesy of Karen Warkentin, Boston University.
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devbio.com is an extensive Web companion to the textbook that is intended to
supplement and enrich courses in developmental biology. Here you will find addi-
tional information for advanced students as well as historical, philosophical, and
ethical perspectives on issues in developmental biology. Included are articles,
movies, interviews, opinions (labeled as such), Web links, updates, and more. (There
is even a developmental biology humor page!)

The site is comprised of Web topics relevant to all areas of the textbook, organized
by textbook chapter. These topics are referenced throughout the textbook, both
within the chapter, and at the end of the chapter. From the home page of the site,
you can browse by chapter, search all topics, or quickly jump directly to any specif-
ic topic. The site also includes the complete Literature Cited for the textbook, most
with links to the PubMed database.

DevBio Laboratory: vade mecum® REGISTRATION CODE

Scratch the area below to reveal your unique code.

Important Note: Each code is valid for only one registration. If this code has been revealed,
it may no longer be valid. New registration codes for DevBio Laboratory: vade mecum?
can be purchased online at http://labs.devbio.com.
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Mary S. Tyler and Ronald N. Kozlowski
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Designed to complement the textbook, this unique resource helps you understand the organisms discussed
in lecture and prepares you for the laboratory. DevBio Laboratory: vade mecum? is available online,
which allows you the flexibility to use the software from any computer with Internet access. Access to the
site is included with each new textbook.

Over 140 interactive videos and 300 labeled pho- | N S— VADE MECUM®
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organisms used in developmental biology labora-  |.........
tories. The easy-to-use videos provide you with o,
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the laboratory fully prepared. A chapter on
zebrafish addresses how to raise the organism
and the effects of various teratogens on embryon-
ic development. The site also includes chapters
on: the slime mold Dictyostelium discoideum;
planarian; sea urchin; the fruit fly Drosophila
melanogaster; chick; and amphibian.

+intro & Lab Manual
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ADDITIONAL FEATURES INCLUDE: = Laboratory Manual: The Third Edition of

Mary S. Tyler’s laboratory manual,

B Movie excerpts from Differential Developmental Biology: A Guide for
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Laboratory: vade mecum?

B Website: www.devbio.net augments
DevBio Laboratory, allowing convenient
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techniques Laboratory Safety, and more.
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Preface

It has become increasingly embarrassing for me to ask stu-
dents to read the Eighth Edition of this textbook. Its so,
well, 2006. Developmental biology has progressed so rap-
idly in the past four years that my lectures have fundamen-
tally diverged from their reading. My “big” lecture on tran-
scription now focuses on the ability of transcription factors
to reprogram cell fates; and my lectures on stem cells and
cloning have scrapped the notion of therapeutic cloning
altogether, focusing instead on induced pluripotent stem
cells. In both instances, we discuss what this means for
understanding normal development, as well as what impli-
cations these technologies have for the future of medicine.
Neither induced pluripotential stem cells nor “transdiffer-
entiation” was established when the last edition of this
book was published.

Even my most basic lectures have changed. The lecture
on fertilization has to cover the new data on mammalian
egg activation. My lectures on sea urchin development—
an area of study that has been fundamental to develop-
mental biology for over a century—now include systems
theory operations involving double-negative gates and
feedforward loops, and my evo-devo talks have led to dis-
cussions of mathematical modeling and parasitism. I can’t
talk about limb development without including the vari-
ations seen in dachshunds and bats, and I can’t discuss sex
determination without using the B-catenin model for mam-
malian ovary production. None of these areas were cov-
ered in earlier editions of my book. So this is really a very
new edition. My editor tells me it has close to 700 new ref-
erences; she only wishes I had deleted at least that many
old ones.

Developmental biology is in a state of rapid metamor-
phosis. And, as in insect and amphibian metamorphosis,
some old tissues remain the same, some get substantially
remodeled, and some old tissues perish altogether; and
all the while, new tissues are forming new structures. I
hope that I have gotten these correct, and that the added
new material will stand the test of time. I have tried to
remodel the retained material into new narratives that are
more inclusive of the data, and to appropriately jettison
the information that was needed for earlier stages of the
book’s development but which is no longer needed by
undergraduates.

Embryologist John Fallon once wrote me that new data
change the story one tells. It is, he said, like putting togeth-
er a picture puzzle. At first, you think the structure in front
of you is a sailboat; but you add another piece, and—no,
wait—it’s a mountain. Psychologists call these alterations
“Gestalt changes,” and I think that we are seeing these
changes in both our day-to-day interpretations of data and

in the entire field of developmental biology. We are seeing
an inversion of relationships within the biological sciences.
Genetics is more and more becoming a subset of develop-
ment. Similarly, the dynamic of evolution is being studied
as a question of gene expression as well as gene frequen-
cies. And developmental biology may be on the threshold
of changing medicine as much as microbiology did at the
turn of the twentieth century.

I began the Preface of the last edition with a quotation
from the Grateful Dead, recalling “What a long, strange
trip it’s been.” The epigram for this edition might be
Eminem’s “Be careful what you wish for.” We may achieve
biological powers that are “tenfold” what we had hoped
to have. And it is axiomatic for this generation that “with
great power comes great responsibility.”

I'hope this Ninth Edition of Developmental Biology pres-
ents a better way of teaching and learning (and question-
ing) developmental biology. The introductory section has
been streamlined from six chapters to three—one each on
developmental anatomy, the mechanisms of gene regula-
tion during differentiation, and cell-cell communication
during morphogenesis. Another new feature is the addi-
tion of short part-opening “chaplets” that address key
concerns in developmental biology. These provide an
introduction to the subsequent chapters, placing the forth-
coming information into a specific context. Each chapter
ends with a guide to web-based resources relevant to that
chapter’s content, and the Ninth Edition is the first to
include an extensive glossary of key terms.

During the writing of this edition, I re-read some of the
papers written by the first generation of experimental
embryologists, scientists who were experiencing a Gestalt
change as important as what we are experiencing today.
What impressed me was not necessarily their answers
(although some of them were remarkably good even by
today’s standards); rather, it was their asking the “right”
questions. Some of their research did not give us any
answers at all. But the results told the next generation of
biologists what questions to ask. These embryologists
stood in awe of the complexity of the embryo; yet they
began to remove, transplant, destroy, and recombine cells
in order to find out just how the fertilized egg could give
rise to a structured body composed of different cell types.
They had faith that these were scientific questions and that
science would eventually be able to answer them.

The glory of developmental biology is that we now have
interesting answers to many of their questions. But numer-
ous questions that were asked a century ago still lack
answers. How does the human brain become organized so
that we can think, plan, recall, interpret, hate, and love?
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How is the development of plants and insects timed so that
the flower opens at the same time when its pollinator has
left its cocoon? How does exercise increase muscle mass,
and how does our face come to resemble those of our par-
ents more than any one else’s? To these questions, we have
only very partial answers, but we are on our way.

Developmental biology presents a nascent scientist with
a host of fascinating questions that are worth solving. And
that’s the invitation this book offers. One can enter devel-
opmental biology through many portals—genetics, cell
biology, embryology, physiology, anatomy—and with
many valid motivations. This is a field that needs the help
of people with all sorts of competencies and talents. It is
an old field that is itself undergoing metamorphic change
and emerging as a new field that welcomes newcomers
with open arms—full of questions.
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New for the Ninth Edition, Developmental Biology is avail-
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count off the list price of the printed textbook. The inter-
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of notes, Web links, images, documents, and more. Stu-
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Companion Website
www.devbio.com

Available free of charge, this website is intended to supple-
ment and enrich courses in developmental biology. It pro-
vides more information for advanced students as well as
historical, philosophical, and ethical perspectives on issues
in developmental biology. Included are articles, movies,
interviews, opinions, Web links, updates, and more. Refer-
ences to specific website topics are included throughout
each chapter as well as at the end of each chapter.

DevBio Laboratory: vade mecum?:
An Interactive Guide to Developmental Biology

http://labs.devbio.com

MARY S. TYLER and RONALD N. KOzZLOWSKI

New for Version 3, DevBio Laboratory: vade mecum? is now
online. Access to the program is included with every new

copy of the textbook. (See the inside front cover for details.)
DevBio Laboratory: vade mecum?® is a rich multimedia learn-
ing tool that helps students understand the development
of the organisms discussed in lecture and prepares them
for laboratory exercises. It also includes excerpts from the
Differential Expressions series of videos, highlighting some
major concepts in developmental biology, famous experi-
ments, and the scientists who performed them.

Developmental Biology:
A Guide for Experimental Study, Third Edition

MARY S. TYLER

(Included in DevBio Laboratory: vade mecum?)

This lab manual teaches the student to work as an inde-
pendent investigator on problems in development and pro-
vides extensive background information and instructions
for each experiment. It emphasizes the study of living
material, intermixing developmental anatomy in an enjoy-
able balance, and allows the student to make choices in
their work.

For the Instructor
(Available to qualified adopters)

Instructor’s Resource Library

The Developmental Biology, Ninth Edition Instructor’s
Resource Library includes a rich collection of visual
resources for use in preparing lectures and other course
materials. The IRL includes:

® All textbook figures (including photos) and tables in
JPEG (high and low resolution) and PowerPoint® for-
mats

W A collection of videos illustrating key developmental
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mounts from DevBio Laboratory: vade mecum?® (Power-
Point® format)

W Video segments from DevBio Laboratory: vade mecum?®

W Instructor’s Reference Guide for Differential Expressions?
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