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Evolutionary developmental
biology (evo-devo)

The amalgamation of developmental and evolutionary biology, called
evolutionary development (evo-devo), revealed a wealth of new data
on how animal and plant forms are made and how they evolved.
More, new model organisms promise new insights. However, how
does one choose the right ones for research?

enopus, the chick, the mouse, the
Xzebrafish, Drosophila, Caenorhabdi-

tis elegans and Arabidopsis thaliana
are the classic representatives of higher or-
ganisms in life sciences, ranging from ge-
nomics via physiology to developmental re-
search. These models also dominate evo-
devo, the science of understanding evolu-
tion via the comparative analysis of early
animal or plant development. In the past
15 or so years the “big six” animal models
did a good job for evo-devo.

To begin with research on myriads of
flies followed by mice, worms, frogs and
chicks revealed that the development of
body parts such as limbs, wings, eyes or
hearts, though very different in structure
among animals, is governed by the same
genes in different animals. The animals

The analysis of the expression of homoeotic genes
opened the door to evo-devo research

share a common “tool kit”, common “mas-
ter genes” that guide their development and
the formation of their bodies. That insight,
at the same time, was a breakthrough for
understanding how body structures evolved
during evolution — how fins were modified
into limbs, how mouthparts, claws, swim-
ming and feeding appendages, wings and
—in the case of plants — how flowers or tri-
chomes have evolved.

Now that genome sequences of these
model organisms as well as from many
other species are available and new high
throughput technologies have been de-
veloped, lots of new data are rapidly be-
ing collected. Certainly people also expect

awealth of new insights about how biologi-
cal diversity was and is still formed.

However, missing is the very basis for
evo-devo studies —more model animals and
plants. This year Ronald Jenner and Mat-
thew Wills at the University of Bath (UK)
lobbied in Nature Review Genetics for new
model organisms for evo-devo research.

“The choice of new model organisms
has not been optimal”, write Jenner and
Wills. It’s true, the “big six” model organ-
isms have been chosen because they are
easy to keep in the laboratory, select and
breed — and because it was assumed that
biological phenomena uncovered in them
could be transferred to humans. While these
arguments generally turned out to be cor-
rect and useful in the context of develop-
mental research, the benefits to evo-devo
as a subject are limited.

Limited?? Those six were
very true treasure troves, al-
lowing for one of the most
fascinating discoveries in re-
cent biology, the identifica-
tion of homoeotic genes that
form body plans and body
parts in animals (and plants
—see page 20). Their analysis
finally led to the discovery of
some law-like generalities of development
and evolution. However, flies, mice, frogs,
worms, zebrafish and chicks cover only 3 of
more than 35 phyla of animals. “By far not
enough,” says Jenner adding in the same
breath that simply selecting new model ani-
mals by maximising phylogenetic spread, or
by plugging holes in the phylogenetic tree is
not the best option of choice.

How to choose a model organism?

In times of spare money and spare time
one should give some thoughts to how
to choose a new evo-devo model. Those
who are familiar with the history of biolo-
gy know that it can take umpteen years of

work to fully exploit a new model system,
giving scientists a hard time. On top of eve-
rything, such model (re)search results ap-
pear if at all in only a few publications that
are not likely to attract a great deal of atten-
tion. Basic research on new creatures typ-
ically doesn’t get you to the top of citation
lists, it doesn’t grab overwhelming attention
of colleagues and editors — leaving us with
the sobering question: How can one devel-
op new evo-devo models and which animals
or plants should one choose?

Questions count

Jenner and Wills suggest that an organ-
ism is picked by its suitability to answer a
specific evo-devo question. “Maximising
phylogenetic spread is good to show diver-
sity but it doesn't necessarily lead to new
general insights about evolution,” says Jen-
ner. This position is supported by other evo-
devo scientists, as for example Frietson Ga-
lis (Leiden University, The Netherlands)
who heads the brand new European Soci-
ety for Evolutionary Developmental Biolo-
gy (EED). She says, “I fully support Jenner
and Wills. However, | also think that we put
too much emphasis on model systems. We
should not forget that we need to study bio-
diversity.” Scrupling that focusing on mod-
el organisms limits the scope of science.
She says that, “for any question raised one
should choose a suitable subject, irrespec-
tive of whether it is a model system or not.
It's really important that science managers
understand that we need to do research not
only on model systems.”

Armin Moczek from the Indiana Mo-
lecular Biology Institute who is working
with the horned dung beetle of the genus
Onthophagus, stated, “The choice of model
systems should primarily be motivated by
the exact questions(s) one is trying to an-
swer, and not all questions require particu-
lar phylogenetic considerations. For exam-
ple, many people would argue that some of
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the greatest frontiers in evolutionary biolo-
gy include the following three issues: (i) the
origin of life, (ii) the origin of multicellular-
ity, and (iii) the origin of major evolution-
ary novelties. | would argue that to address
issues (i) + (ii) phylogenetics is critical, for
(iii) itis largely irrelevant.”

Also Milan Milinkovitch and Athana-
sia Tzika argue in a recently published pa-
per (Escaping the Mouse Trap, J. Exp. Zool.
2007, 308B, 337-346) that “the phyloge-
netic-distance criterion is limited by at least
two parameters: (i) the rate of phenotypic
transformation is highly variable among lin-
eages and (ii) variation worth investigation
exists at multiple phylogenetic levels.”

The genome pipeline is full

Can it be true? Is phylogenetics really
not so relevant for the analysis of evolution-
ary novelties as generally thought? Scien-
tists often assume that the position in the
evolutionary tree correlates with basal or
more advanced developmental stages, re-
spectively. Accordingly, among species that
descend from the same common ancestor

those are designated as basal that are sep-
arated from this ancestor by the smallest
number of speciation events. That's the rea-
son why biologists chose the zebrafish as a
“canonical vertebrate” — the common ances-
tor of all vertebrates was a fish.

However, what is the zebrafish a mod-
el for? For chordates, for vertebrates, for
bony fish, for ray-finned fish, for teleost fish
or for the family Cyprinidae? “The answer
heavily depends on what characters one is
interested in,” argue Milinkovitch and Tzi-
ka. They are right.

One should keep that in mind when se-
guencing the genomes of representatives of
possibly the deepest nodes of major clades
like the South American opossum (Mon-
odelphis domestica), the African elephant
(Loxodonta africana), the European com-
mon shrew (Sorex araneus), the European
hedgehog (Erinaceus europeaus), the guin-
ea pig (Cavia porcellus) and the nine-band-
ed armadillo (Dasypus novemcinctus).

The choice of these species for future
evo-devo research was made on the assump-
tion that each of these species represents a

non-overlapping subset of mammalian phy-
logenetic and morphological diversity. Also,
the Plant Genome Comparative Sequencing
Program (PGCSP) funded by the American
National Science Foundation looks out for
“key nodes or groups of plants in the Tree
of Life that would enable researchers to an-
swer specific biological questions relevant
to the goals of the PGRP”

The problem of true novelties

However, the correlation of putative
key nodes and the evolution of genome se-
quence leading to evolutionary novelties
isn't stringent. Speciation can be accompa-
nied with increased evolutionary change
and vice versa, evolutionary change can oc-
cur without speciation. Simplicity must not
be ancestral, it can also be the result of a
subsequent reduction of the body plan. As
Jenner says, “Just because an organism has
sprung from the base of the evolutionary
tree this does not make it more primitive
or representative. Knowledge of phyloge-
netic position is essential for studying the
origins of novelties which is an important
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