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Evo Devo Is the New Buzzword ...

... FORTHE 200-YEAR-OLD SEARCH FOR LINKS BETWEEN EMBRYOS AND EVOLUTION BY BRIAN K. HALL

ENDLESS FORMS
MOST BEAUTIFUL:
THE NEW SCIENCE
T OF EVODEVO AND
THE MAKING OF
THE ANIMAL
KINGDOM
— by Sean B. Carroll
W.W. Norton, 2005
?llﬁﬂ ($25.95)
It would be hard to imagine two more
different timescales in the lives of or-
ganisms than development—the trans-
formation of an embryo to an adult
within a single generation—and evolu-
tion—the modification and transforma-
tion of organisms between generations
that reach back 600 million years. Yet
for the past two centuries, natural phi-
losophers, morphologists and biologists
have asked whether there is a funda-
mental relationship between develop-
ment (ontogeny) and evolution (phylog-
eny). There is, and it finds expression in
the thriving discipline of evolutionary
developmental biology (evo devo, as it
has been called since the early 1990s).
Endless Forms Most Beautiful ex-
amines one of the most exciting aspects
of evo devo—the incorporation of mo-
lecular biology that followed the discov-
ery of classes of conserved regulatory
(developmental, or “switching”) genes:
the homeobox, or Hox, genes. Carroll,
who is a professor of genetics at the Uni-
versity of Wisconsin—Madison, writes
in a lively style, peppering the book with
endlessly fascinating examples that are
beautifully illustrated by color and
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black-and-white drawings and photo-
graphs. To appreciate where this latest
book devoted to evo devo is situated in
the long history of the discipline, we
need to go back almost 200 years.

The study of embryonic stages across
the animal kingdom—comparative em-
bryology—flourished from 1830 on.
Consequently, when On the Origin of
Species appeared in 1859, Charles Dar-
win knew that the embryos of all inver-
tebrates (worms, sea urchins, lobsters)
and vertebrates (fish, serpents, birds,
mammals) share embryonic stages so
similar (which is to say, so conserved
throughout evolution) that the same
names can be given to equivalent stages
in different organisms. Darwin also
knew that early embryonic development
is based on similar layers of cells and
similar patterns of cell movement that
generate the forms of embryos and of
their organ systems. He embraced this
community of embryonic development.
Indeed, it could be argued that evo devo
(then known as evolutionary embryol-
ogy) was born when Darwin concluded
that the study of embryos would provide
the best evidence for evolution.

Darwin’s perception was given a
theoretical basis and evo devo its first
theory when Ernst Haeckel proposed
that because ontogeny (development)
recapitulates phylogeny (evolutionary
history), evolution could be studied in
embryos. Technological advances in
histological sectioning and staining
made simultaneously in the 1860s and
1870s enabled biologists to compare the
embryos of different organisms. Though

false in its strictest form, Haeckel’s the-
ory lured most morphologists into aban-
doning the study of adult organisms in
favor of embryos—literally to seek evo-
lution in embryos. History does repeat
itself; 100 years later a theory of how
the body plan of a fruit fly is established,
coupled with technological advances,
ushered in the molecular phase of evo
devo evaluated by Carroll.

As Carroll discusses in his book (the
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DIFFERENT NUMBERS OF STRIPES in three
zebra species mayresult from differencesin
the time at which the stripes are initiated in
the embryo. From the book: Drawing by Leanne
0Olds; modified from J. B. Bard in Journal of
Zoology, Vol. 183, page 527; 1977.
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title of which comes from the last lines
of The Origin of Species), the discovery
of Mendelian genetics in 1900, and
soon after of the gene as the unit of he-
redity, thrust a wedge between develop-
ment and evolution. Genes were now
what mattered in evolution; embryos
were merely the vehicles that carried
genes from one generation to the next.
Embryology was divorced from evolu-
tion, devo from evo. Even the discovery
in the 1950s of the nature and role of
DNA did not bring them back together.
In the late 1970s, however, all began to
change as several revolutions in theory
and technology produced a mind shift
as dramatic as the one that followed
Darwin’s The Origin of Species.

New methods for generating phylo-
genetic relationships brought compara-
tive embryology back to the forefront;
now we can assess the direction of evo-
lutionary changes in development.
When we find a species of frog that has
lost the tadpole stage from its life cy-
cle—a remarkable evolutionary change
in form and function—we can deter-
mine whether that loss was an early or
late event in the evolution of frogs. Ste-
phen Jay Gould’s seminal book Ontog-
eny and Phylogeny (1977) rekindled
interest in 19th-century evolutionary
embryology and resurrected an old
idea—heterochrony, change in the tim-
ing of development in a descendant rela-
tive to an ancestor—in a form that could
be tested. Important as these develop-
ments were, they were carried out
against the then current wisdom that
organisms differ because they possess
unique genes not found in other organ-
isms—lobster genes for lobsters, human
genes for humans, and so forth.

The discovery of homeobox genes
turned this approach upside down and
inside out. The body plans of lobsters
and humans, flies and fish, barnacles and
mice, are initiated using the same fami-
lies of genes that are conserved across the
animal kingdom. The consequences of
this discovery are the stuff of the first
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half of Endless Forms Most Beautiful, in
which Carroll presents homeobox genes
as the switches that contain the funda-
mental information required to make a
fly’s eye or a human hand.

The second half of the book explores
what Carroll calls “the making of ani-
mal diversity,” beginning with animal
life as exemplified in the justly famous
500-million-year-old fossils of the Bur-
gess Shale formation in British Colum-
bia. Carroll is concerned with evolu-
tionary tinkering with genetic switches
and the production of patterns in na-
ture—spots on butterfly wings, stripes
on zebras. He devotes less attention to
the downstream gene cascades and gene
networks that allow similar signaling
genes to initiate, for example, the wing
of a bird or a human arm. Nor are the
cells and cellular processes from which
the endless forms are constructed given
prominence.

Consequently, statements such as
“the anatomy of animal bodies is really
encoded and built ... by constellations of
switches distributed all over the genome™
could be taken to mean that switching
genes contain all the information re-
quired to generate form. Were that true
there would be no need for evo devo; in-
deed, there would be no development. It
would all be geno evo. But, as Carroll
demonstrates, “the evolution of form oc-
curs through changes in development,”
which is precisely why evo devo is so cen-
tral to understanding how animals have
been and are being evolved.

Brian K. Hall is George S. Campbell
Professor of Biology and a Univer-
sity Research Professor at Dalbousie
University in Halifax. He is author
of Evolutionary Developmental
Biology and of Bones and Cartilage:
Developmental and Evolutionary
Skeletal Biology, among other books,
and co-editor with Benedikt
Hallgrimsson of the forthcoming
Variation: A Central Concept

in Biology.

THE EDITORS RECOMMEND

MORE THAN HUMAN: EMBRACING THE
PROMISE OF BIOLOGICAL ENHANCEMENT
by Ramez Naam. Broadway Books, 2005
($24.95]

CITIZEN CYBORG: WHY DEMOCRATIC
SOCIETIES MUST RESPOND TO THE
REDESIGNED HUMAN OF THE FUTURE

by James Hughes. Westview Press, 2004
($26.95]

GOLEMS AMONG US: HOW A JEWISH
LEGEND CAN HELP US NAVIGATE

THE BIOTECH CENTURY

by Byron L. Sherwin. Ivan R. Dee, 2004
($26]

Thesebooks consider,eachfroma
different perspective, biotechnol-
ogy as a major issue of the 21st

century.Naam,whoworksonInter-
net search technology at Micro-
soft, argues that society should
embrace “techniques that might

enhance human abilities.” Describing sev-
eral of them, he says that people who would
ban them “had better have strong evidence
that the research poses a greater threat to
society than the medical benefitsitbrings.”

Hughes, who teaches health policy at
Trinity College in Hartford, focuses on the
political battles over cutting-edge biotech:
“Transhuman technologies, technologies that
push the boundaries of humanness, can rad-
icallyimprove our quality of life... we have a
fundamental right to use them to control our
bodies and minds.” But “we need to democrat-
icallyregulate these technologies and make
them equally available in free societies.”

Sherwin, distinguished service profes-
sor of Jewish philosophy and mysticism at
the Spertus Institute of Jewish Studies in
Chicago, sounds a cautionary note. Techno-
logical achievement “not guided by a moral
compass is ultimately self-defeating and
self-destructive,” he writes. “To devalue
human life in an effort to enhanceitis a pyr-
rhic victory, the kind epitomized by the
exploits of Victor Frankenstein.”

The books reviewed are available for
purchase through www.sciam.com
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