A classic gets a
new coauthor and
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ABOUT THE BOOK
Scott Gilbert’s Developmental Biology has metamorphosed into Scott Gilbert and Michael Barresi’s
Developmental Biology, Eleventh Edition. Even the
axes have changed.
The book has a new phenotype, making it easier to
customize one’s developmental biology course to
the needs and interests of today’s students. Michael
Barresi brings creativity and expertise as a teacher
and as an artist of computer-mediated learning to the
book, integrating the printed book with electronic
interviews, videos, and tutorials. He also brings new
ideas in education and alternative ways of teaching
animal development. Updates include:
• An increased emphasis on stem cells, which are
covered extensively and early in the book.
•S
 ex determination and gametogenesis, instead
of being near the end of the volume, are up front,
prior to fertilization.
• Greatly expanded treatment of neural development, comprising a unit unto itself.
• Coverage of new experiments on morphogenesis
and differentiation, as well as new techniques such
as CRISPR.
Several new modes of teaching are employed in the
new Gilbert and Barresi textbook. The videos explaining development—as well as those from Mary
Tyler’s Vade Mecum—are referenced throughout
the book, and several other valuable new elements,
representative examples of which are shown on the
sample pages inside, have been added:
• Opening Question and Photo: Inviting the student
into the text and engaging curiosity, each chapter
begins with a photograph and short question that
will be revisited throughout the chapter and in a
summary paragraph at the end.
• The Punchline: More than a chapter outline, this
opening paragraph provides the student with a
quick overview of the big principles that will be
exemplified in the chapter.

• Dev Tutorials: Professionally produced video
tutorials by the authors reinforce the key concepts.
Each video is also supplemented with an in-class
case study activity.
• Watch Development: Putting concepts into action,
these informative videos show real-life developmental biology processes.
• Developing Questions: Building on topics explained in the text, these questions provide students an entryway for independent research in
emerging areas and empower them to engage in
class discussion. Answers and relevant references
will be provided to qualified adopting instructors.
• Scientists Speak: In these online interviews, leading researchers discuss foundational and emerging
topics in developmental biology.
• Web Topics: As in previous editions, these provide
additional information on historical, philosophical,
and ethical perspectives on issues in developmental
biology, as well as cutting-edge enrichment topics.
• Snapshot Summary: This closing feature provides
a step-by-step breakdown of the chapter text.
• Next Step Investigations: Emphasizing that developmental biology is an ongoing activity with room
for major discoveries, this feature highlights some
of the field’s greatest challenges and encourages
student research.
• Closing Thoughts on the Opening Photo: Coming
full circle, this feature relates chapter concepts back
to the Opening Question and Photo.
As in metamorphosis, some items are kept the
same, some items are jettisoned, and some items
are repurposed. The new Developmental Biology,
Eleventh Edition keeps the excellent writing, accuracy, and enthusiasm of the Gilbert Developmental
Biology textbook, streamlines it, adds electronic
supplements that will get the ideas across in other manners, and creates a new textbook that will
meet the desires of those teaching Developmental
Biology to a new generation. As revolutionary as
Gilbert’s Developmental Biology was in 1985, so will
Gilbert and Barresi’s be in 2016.
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MEDIA AND SUPPLEMENTS
FOR THE STUDENT
Companion Website (www.devbio.com)
Significantly enhanced for the Eleventh Edition, and referenced throughout the textbook, the Developmental Biology Companion Website provides
students with a range of engaging resources, in the following categories:
• NEW Dev Tutorials: Professionally produced video tutorials, presented by the textbook’s authors, reinforce key concepts.
• NEW Watch Development: Putting concepts into action, these informative videos show real-life developmental biology processes.
•W
 eb Topics: These extensive topics provide more information for advanced students, historical, philosophical, and ethical perspectives on issues in developmental biology, and links to additional online resources.
• NEW Scientists Speak: In these question-and-answer interviews, developmental biology topics are explored by leading experts in the field.
•P
 lus the full bibliography of literature cited in the textbook (most
linked to their PubMed citations).

DevBio Laboratory: Vade Mecum3 (labs.devbio.com)
Included with each new copy of the textbook, Vade Mecum3 is an interactive website that helps students understand the organisms discussed
in the course and prepare them for the lab. The site includes videos of
developmental processes and laboratory techniques, and has chapters
on the following organisms: slime mold (Dictyostelium discoideum),
planarian, sea urchin, fruit fly (Drosophila), chick, and amphibian.

FOR THE INSTRUCTOR
Instructor’s Resource Library
(available to qualified adopters)

The Developmental Biology, Eleventh Edition Instructor’s Resource
Library includes the following resources:
• NEW Developing Questions: Answers, references, and recommendations for further reading are provided so that you and your students can
explore the Developing Questions that are posed throughout
each chapter.
• Textbook Figures & Tables: All of the textbook’s figures, photos,
and tables are provided both in JPEG (high- and low-resolution) and
PowerPoint formats. All images have been optimized for excellent
legibility when projected in the classroom.
• Video Collection: Includes video segments depicting a wide range
of developmental processes, plus segments from DevBio Laboratory:
Vade Mecum3, and Differential Experessions2.
• Vade Mecum3 PowerPoints: Chick serial sections and whole mounts,
provided in both labeled and unlabeled versions, for use in creating
quizzes, exams, or in-class exercises.
• NEW Case Studies in Dev Bio: This new collection of case study
problems accompanies the Dev Tutorials and provides instructors
with ready-to-use in-class active learning exercises. The case studies
foster deep learning in developmental biology by providing students
an opportunity to apply course content to the critical analysis of data,
to generate hypotheses, and to solve novel problems in the field. Each
case study includes a PowerPoint presentation and a student handout
with accompanying questions.
• Developmental Biology: A Guide for Experimental Study, Third
Edition, by Mary S. Tyler: The complete lab manual, in PDF format.
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The Genetics of
Axis Specification
in Drosophila

OPENING
QUESTION
AND PHOTO
Inviting the student
into the text and
engaging curiosity,
each chapter begins
with a photograph
and short question.

What changes in
development caused
this fly to have four
wings instead of two?

THANKS LARGELY TO STUDIES spearheaded by Thomas Hunt Morgan’s laboratory
during the first two decades of the twentieth century, we know more about the genetics of
Drosophila melanogaster than that of any other multicellular organism. The reasons have to
do with both the flies themselves and with the people who first studied them. Drosophila
is easy to breed, hardy, prolific, and tolerant of diverse conditions. Moreover, in some
larval cells, the DNA replicates several times without separating. This leaves hundreds of
strands of DNA adjacent to each other, forming polytene (Greek, “many strands”) chromosomes (FIGURE 9.1). The unused DNA is more condensed and stains darker than the
regions of active DNA. The banding patterns were used to indicate the physical location
of the genes on the chromosomes. Morgan’s laboratory established a database of mutant
strains, as well as an exchange network whereby any laboratory could obtain them.
Historian Robert Kohler noted in 1994 that “The chief advantage of Drosophila initially
was one that historians have overlooked: it was an excellent organism for student projects.” Indeed, undergraduates (starting with Calvin Bridges and Alfred Sturtevant) played
important roles in Drosophila research. The Drosophila genetics program, says Kohler, was
“designed by young persons to be a young person’s game,” and the students set the rules
for Drosophila research: “No trade secrets, no monopolies, no poaching, no ambushes.”
Jack Schultz (originally in Morgan’s laboratory) and others attempted to relate the
burgeoning supply of data on the genetics of Drosophila to its development. But Drosophila
was a difficult organism on which to study embryology. Fly embryos proved complex
and intractable, being neither large enough to manipulate experimentally nor transparent

The Punchline
The development of the fruit fly is extremely rapid, and its body axes are specified
by factors in the maternal cytoplasm even before the sperm enters the egg. The
anterior-posterior axis is specified by proteins and mRNAs made in maternal nurse
cells and transported into the oocyte, such that each region of the egg contains
different ratios of anterior- and posterior-promoting proteins. Eventually, gradients
of these proteins control a set of transcription factors—the homeotic proteins—that
specify the structures to be formed by each segment of the adult fly. The dorsalventral axis is also initiated in the egg, which sends a signal to its surrounding
follicle cells. The follicle cells respond by initiating a molecular cascade that leads
both to cell-type specification and to gastrulation. Specific organs form at the
intersection of the anterior-posterior axis and the dorsal-ventral axis.

THE PUNCHLINE
To request an examination copy,
visit our website: sinauer.com
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Beyond a chapter outline,
this opening paragraph
quickly guides the student
toward the big principles
that will be exemplified in
the chapter.

The Genetics of Axis Specification in Drosophila

SCIENTISTS SPEAK
(A)

In these online interviews,
leading researchers discuss
foundational and emerging
topics in developmental biology. To see a sample, go to
11e.devbio.com/sssample.

Antenna

fIgurE 9.26 (A) Head of a wild-type
fruit fly. (B) Head of a fly containing the
Antennapedia mutation that converts
antennae into legs. (A © Eye of Science/
Science Source; B © Science VU/Dr. F.
Rudolph Turner/Visuals Unlimited, Inc.)

(B)

can be detected in specific regions of the embryo (see Figure 9.24B) and are especially
prominent in the central nervous system.

WEB TOPIC

SCIENTISTS SPEAK 9.3 Listen to this interview with Dr. Walter Gehring, who
spearheaded investigations that unified genetics, development, and evolution,
leading to the discovery of the homeobox and its ubiquity throughout the animal
kingdom.

These provide additional
information on historical,
philosophical, ethical,
and cutting-edge
per-spectives on issues in
developmental biology.
To see a sample, go to
11e.devbio.com/wtsample.

WEb Topic 9.5 INITIATIoN ANd mAINTENANCE of homEoTIC gENE ExPrESSIoN Homeotic genes make specific boundaries in the Drosophila embryo. Moreover,

This feature highlights
some of the field’s
greatest challenges
and encourages
student research.

CLOSING
THOUGHTS ON
THE OPENING
PHOTO
Coming full circle,
this feature relates
chapter concepts
back to the Opening
Question and Photo.

developing Questions
Homeobox genes specify
the anterior-posterior body
axis in both Drosophila and
humans. How come we do
not see homeotic mutations
that result in extra sets of
limbs in humans, as can
happen in flies?

the protein products of the homeotic genes activate batteries of other genes, specifying
the segment.

generating the dorsal-Ventral Axis
Dorsal-ventral patterning in the oocyte

248

NEXT STEP
INVESTIGATION

243

As oocyte volume increases, the oocyte nucleus is pushed by the growing microtubules
to an anterior dorsal position (Zhao et al. 2012). Here the gurken message, which had
been critical in establishing the anterior-posterior axis, initiates the formation of the
dorsal-ventral axis. The gurken mRNA becomes localized in a crescent between the
oocyte nucleus and the oocyte cell membrane, and its protein product forms an anterior-posterior gradient along the dorsal surface of the oocyte (fIgurE
Gilbert Developmental Biology 11/e
9.27; Neuman-Silberberg and Schüpbach 1993). Since it can diffuse only
(A)
Gil_DevBio11e_09.26
a
short distance, Gurken protein reaches only those follicle cells clos01/19/16
est to the oocyte nucleus, and it signals those cells to become the more
columnar dorsal follicle cells (Montell et al. 1991; Schüpbach et al. 1991;
Chapter 9
see Figure 9.8E). This establishes the dorsal-ventral polarity in the follicle cell layer that surrounds the growing oocyte.
SCIENTISTS SPEAK 9.4

Two videos featuring Dr. Trudi Schupbach

Next Step Investigation
show how the anchoring and regulation of the Gurken protein are

DEVELOPING
QUESTIONS
These questions
are an entryway
for independent research in emerging
areas, and empower
students to engage
in class discussion.

accomplished
the Drosophila
or compete with
The precision of Drosophila
transcriptioninpatterning
is embryo. gene expression, and they may cooperate
(B)
the main enhancer. Some of these shadow enhancers may
remarkable, and a transcription factor may specify whole
work
under
particular
regions or small parts.
Some9.27
of theExpression
most important
fIgurE
of Gurken between the
oocyte
nucleus
and thephysiological stresses. New studies
dorsal anterior
cellas
membrane.
(A) The gurken mRNA
localizedthat
between
the
are isshowing
the robust
phenotypes of flies may result
regulatory genes in Drosophila,
such
the gap genes,
oocyte
nucleus enhancers,”
and the dorsalsecondary
follicle cells of the ovary.
is to
the left;
from Anterior
an entire
series
of secondary enhancers that are able
have been found to have
“shadow
faces
upward.
(B)the
A more
mature
Gurken protein
(yellow) conditions (Bothma et al. 2015).
to improvise
for different
enhancers that may dorsal
be quite
distant
from
gene.
Theseoocyte shows
across
Actin
is stained of
red, showing cell boundaries. As the
shadow enhancers seem
tothe
be dorsal
criticalregion.
for the
fine-tuning

oocyte grows, follicle cells migrate across the top of the oocyte, where they
become exposed to Gurken. (A from Ray and Schüpbach 1996, courtesy of T.
Schüpbach; B courtesy of C. van Buskirk and T. Schüpbach.)

Closing Thoughts on the Opening Photo
In the fruit fly, inherited genes produce proteins that interact to specify the normal
orientation of the body, with the head at one end and the tail at the other. As you studied
this chapter, you should have observed how these interactions result in the specification
of entire blocks of the fly’s body as modular units. A patterned array of homeotic proteins
specifies the structures to be formed in each segment of the adult fly. Mutations in the
genes for these proteins, called homeotic mutations, can change the structure specified,
resulting in wings where there should have been halteres, or legs where there should
have been antennae (see pp. 242–243). Remarkably, the proximal-distal orientation of
the mutant appendages corresponds to the original appendage’s proximal-distal axis, indicating that the
appendages follow similar rules for their extension. We now know that many mutations affecting segmentation
of the adult fly in fact work on the embryonic modular unit, the parasegment (see pp. 234 and 240). You should
keep in mind that, in both invertebrates and vertebrates, the units of embryonic construction often are not the
same units we see in the adult organism. (Photograph courtesy of Nipam Patel.)
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Snapshot Summary
Drosophila Development and Axis Specification
1. Drosophila cleavage is superficial. The nuclei divide 13
times before forming cells. Before cell formation, the
nuclei reside in a syncytial blastoderm. Each nucleus is
surrounded by actin-filled cytoplasm.
2. When the cells form, the Drosophila embryo undergoes
a mid-blastula transition, wherein the cleavages become
asynchronous and new mRNA is made. At this time,
there is a transfer from maternal to zygotic control of
development.
3. Gastrulation begins with the invagination of the most
ventral region (the presumptive mesoderm), which
causes the formation of a ventral furrow. The germ band
expands such that the future posterior segments curl just
behind the presumptive head.
4. The genes regulating pattern formation in Drosophila
operate according to certain principles:

Gilbert
Developmental
Biologyof
11/e
• There is a temporal order
wherein
different classes
Gil_DevBio11e_09.27
genes are transcribed, and the products of one gene
01/19/16
often regulate the expression of another gene.
• Boundaries of gene expression can be created by
the interaction between transcription factors and
their gene targets. Here, the transcription factors
transcribed earlier regulate the expression of the next
set of genes.
• Translational control is extremely important in the
early embryo, and localized mRNAs are critical in
patterning the embryo.
• Individual cell fates are not defined immediately.
Rather, there is a stepwise specification wherein
a given field is divided and subdivided, eventually
regulating individual cell fates.

5. Maternal effect genes are responsible for the initiation

SNAPSHOT
SUMMARY
This closing feature
provides a step-bystep breakdown of
the chapter text.

its genetics could be related to its development. And when that happened, a revolution
occurred in the field of biology. This revolution is continuing, in large part because of
the availability of the complete Drosophila genome sequence and our ability to generate
transgenic flies at high frequency (Pfeiffer et al. 2009; del Valle Rodríguez et al. 2011).
Researchers are now able to identify developmental interactions taking place in very
small regions of the embryo, to identify enhancers and their transcription factors, and
to mathematically model the interactions to a remarkable degree of precision (HengeGilbert Developmental Biology 11/e
nius et al. 2014).
Gil_DevBio11e_09.01

VADE MECUM
This interactive website helps
students understand the
organisms discussed in the
course and prepare them for
the lab. To see a sample, go to
11e.devbio.com/vmsample.

WATCH
DEVELOPMENT
Putting concepts into
action, these informative
videos show real-life developmental biology processes.
To see a sample, go to
11e.devbio.com/wdsample.

01/19/15

vaDE mEcUm
The fruit fly chapter has remarkable time-lapse sequences,
including footage of cleavage
and gastrulation. This chapter
also provides access to the fly
life cycle.

Early Drosophila Development
We have already discussed the specification of early embryonic cells by cytoplasmic
determinants stored in the oocyte. The cell membranes that form during cleavage
establish the region of cytoplasm incorporated into each new blastomere, and the morphogenetic determinants in the incorporated cytoplasm then direct differential gene
expression in each cell. But in Drosophila development, cell membranes do not form
until after the thirteenth nuclear division. Prior to this time, the dividing nuclei all
share a common cytoplasm and material can diffuse throughout the whole embryo.
The specification of cell types along the anterior-posterior and dorsal-ventral axes is
accomplished by the interactions of components within the single multinucleated cell.
Moreover, these axial differences are initiated at an earlier developmental stage by the
position of the egg within the mother’s egg chamber. Whereas the sperm entry site may
fix the axes in nematodes and tunicates, the fly’s anterior-posterior and dorsal-ventral
axes are specified by interactions between the egg and its surrounding follicle cells
prior to fertilization.
Watch DEvElopmEnt 9.1 The website “The Interactive Fly” features movies illustrating all aspects of Drosophila development.
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Chapter 5

The Stem Cell Concept
Division and self-renewal

DEV TUTORIAL
Video tutorials professionally produced by the authors
reinforce the key concepts, supplemented with materials
for an in-class case study activity. To see a sample, go to
11e.devbio.com/dtsample.

A cell is a stem cell if it can divide and in doing so produce a replica of itself (a process
called self-renewal) as well as a daughter cell that can undergo further development.
Stem cells are often referred to as undifferentiated due to this maintenance of proliferative properties1. Upon division, a stem cell may also produce a daughter cell that
can mature into a terminally differentiated cell type. Cell division can occur either
symmetrically or asymmetrically. If a stem cell divides symmetrically, it could produce
two self-renewing stem cells or two daughter cells that are committed to differentiate, resulting in either the expansion or reduction of the resident stem cell population,
respectively. In contrast, if the stem cell divides asymmetrically, it could stabilize the
stem cell pool as well as generate a daughter cell that goes on to differentiate. This
strategy, in which two types of cells (a stem cell and a developmentally committed cell)
are produced at each division, is called the single stem cell asymmetry mode and is seen
in many types of stem cells (Figure 5.1A). An alternative (but not mutually exclusive)
mode of retaining cell homeostasis is the population asymmetry mode of stem cell division. Here, some stem cells are more prone to produce differentiated progeny, and this
is compensated for by another set of stem cells that divide symmetrically to maintain
the stem cell pool within this population (Figure 5.1B ; Watt and Hogan 2000; Simons
and Clevers 2011).
Dev TuTor i al

Stem Cell Basics
1
There are many different stem cells and so their status as “undifferentiated” really only pertains to the retained ability to divide, but they are in fact a defined cell type.

(A) Single-cell asymmetry

Stem cell

Committed cell

(B) Population asymmetry
Figure 5.1 The stem cell concept. (A) The fundamental notion of a stem cell is that it can make
more stem cells while also producing cells committed
to undergoing differentiation. This is called asymmetric cell division. (B) A population of stem cells
can also be maintained through population asymmetry. Here, a stem cell is shown to have the ability
to divide symmetrically to produce either two stem
cells (thus increasing the stem cell pool by 1) or to
produce two committed cells (thus decreasing the
pool by 1). These divisions are termed symmetrical
renewing or symmetrical differentiating. (C) In many
organs, stem cell lineages pass from a multipotent
stem cell (capable of forming numerous types of cells)
to a committed stem cell that makes one or very few
types of cells, to a progenitor (transit amplifying) cell
that can proliferate for multiple rounds of divisions but
is transient in its life and is committed to becoming a
particular type of differentiated cell.

Stem cell

Stem cells

Committed cells

(C) Adult stem cell lineage

Multipotent
stem cell

Committed
stem cell

Progenitor
(transit amplifying)
cell

Differentiated
cells
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Second Edition
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The revolution in molecular technologies has created a revolution in our
perception of the living world. It is life, but not as we knew it. The science
studying this new world—uncovering the relationships between genes, developing organisms, and their environments—is called ecological developmental biology. This book presents the data for ecological developmental
biology, integrating it into new accounts of medicine, evolution, and embryology. The new evolutionary science created by this approach to nature
is called ecological evolutionary developmental biology (eco-evo-devo).
Ecological Developmental Biology, Second Edition documents the evidence
for a new, extended, evolutionary synthesis, a synthesis that: confounds the
creationist belief that evolution can’t be described above the species-level;
integrates aging and “Western” diseases such as diabetes, atherosclerosis,
cancer, and obesity into an evolutionary context; and sees interspecies
interactions both within the organism and between organisms as being
critical for evolution, development, and fitness.
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