NEWS & VIEWS

EVOLUTIONARY DEVELOPMENTAL BIOLOGY

Ghost locus appears

The sequences of two sponge genomes provide evidence that the ParaHox developmental genes are older than previously
thought. This has implications for animal taxonomy and for developmental and evolutionary biology. SEE LETTER P.620
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narray of transcription factors controls
Adevelopment inanimals'. Transcription-

factor-encoding genes belonging to
one class — Antennapedia (ANTP) — are
present throughout the animal kingdom and
usually have a key role in development. The
ANTP group includes the Hox, ParaHox and
NK genes, all of which are paralogues, mean-
ing that they have arisen in different animals
from a shared ancestor as a result of gene-
duplication events. However, the origins, evo-
lution and, in particular, the timing of these
duplication events have been unclear. On
page 620 of this issue, Fortunato et al.” report
the analysis of two new genomes from sponges
of the class Calcarea (the calcisponges)
that substantially clarifies the evolutionary
history of the ANTP genes and provides insight
into tissue structures that are shared across the
animal kingdom.

A substantial puzzle has arisen concerning
the repertoire of ParaHox and Hox genes
in animals. The first sponge genome to be
sequenced was that of the demosponge (class
Demospongiae) Amphimedon queenslandica’.
Although there seem to be no Hox or Para-
Hox genes in this genome, the evolutionary
conservation of clusters of genes known to
be neighbours of Hox and ParaHox genes in
other organisms led to the proposal that Hox
and ParaHox genes were present in the com-
mon ancestor of all animals but had been lost
in sponges. The researchers called their idea
the ‘ghost locus” hypothesis’. However, this
evidence, although intriguing, was indirect,
because it was based on an inference of ances-
tral gene content.

Despite their simple morphologies, sponges
from different classes are thought to be quite
divergent and indeed it is not certain that they
all form a monophyletic (natural) group™’. If
they are monophyletic®, then their last com-
mon ancestor dates to approximately 600 mil-
lion years ago; if they are a paraphyletic group,
then the time at which the Calcarea and the
Demospongiae diverged, for instance, might
be as much as 800 million years ago’. Either
way, the antiquity of their divergence means
that the genomes of a demosponge and a
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Figure 1 | Evolution of Hox, ParaHox and NK
genes in animals. Fortunato and colleagues’
comparison’ of two calcisponge genomes (phylum
Porifera) with genome data from other animals,
including placozoans, cnidarians and bilaterians,
suggests that an ancestral Antennapedia (ANTP)
gene duplicated to give rise to the ancestor of

NK genes and a ‘ProtoHox’ gene. The ProtoHox
gene subsequently duplicated to give rise to

the existing Hox and ParaHox gene families.
Animal diversification occurred after these
gene-duplication events, but gene losses have
complicated the picture, explaining, for example,
the seeming lack of Hox genes in calcisponges and
of both Hox and ParaHox genes in demosponges.

calcisponge might be expected to differ
from one another more than is usual for two
animals from the same phylum, such that a
single representative of the sponges can never
be emblematic of the sponges — the phy-
lum Porifera — as a whole. Sampling these
divergent taxa is therefore crucial if we are
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to understand the evolution of the genetic
circuitry that effects animal development.

A ‘superphylum’ called the ParaHoxozoa®
has been defined on the basis of the presumed
shared presence of Hox or ParaHox genes.
This group includes the Bilateria (compris-
ing all animals with bilateral symmetry), the
Placozoa (simple, flat animals that live on the
ocean floor) and the Cnidaria (radially sym-
metrical aquatic animals, such as jellyfish).
The animals excluded from the ParaHoxozoa
are the sponges and the Ctenophora (comb
jellies), because of their presumed lack of
these genes.

Fortunato et al. provide direct support for
the ghost locus hypothesis, at least for the
ParaHox genes. By combining data from
their sponge genomes with existing data for
phylogenetic, gene-neighbourhood and gene-
expression analyses, they suggest not only that
developmental-gene evolution has been very
different in sponges compared with most
other animals, but also that early animals did
indeed contain a repertoire of ANTP genes
that included the NK and ParaHox genes at
least (Fig. 1).

The authors first constructed a phylogenetic
tree of a large family of ANTP genes. Given
the great phylogenetic breadth that is spanned
by the tree, it is unsurprising that high statisti-
cal support for relationships is not achieved.
Nonetheless, the tree topology does indicate
the presence of NK and ParaHox genes in the
genomes of the calcisponges.

Next, the researchers demonstrated that
there is some conservation in the gene neigh-
bourhoods between these putative ParaHox
genes in sponges and their presumed equiv-
alents in bilaterians. Conservation of gene
neighbourhoods is a hallmark of the evolution
of ANTP genes, but the authors find that the
strong conservation observed in most animals
is not found in sponges. This implies that con-
servation of ParaHox gene neighbourhoods is
not a universal rule as was once thought.

Finally, the authors show that the expression
patterns of the calcisponge ParaHox genes
are remarkably similar to those of other ani-
mals. For example, the choanoderm cell layer
in sponges has a similar pattern of ParaHox
expression to the endoderm in bilaterian
animals, and the pattern in the sponges’



MARK MCCUGHREAN (MAX-PLANCK-INST. ASTRON.); C. ROBERT O’DELL (RICE UNIV.); NASA

cross cells is like that of sensory cells in other
animals. This opens up the possibility that
certain tissue types in sponges might have a
common ancestry with other tissue types in
bilaterian animals. However, it should be kept
in mind that homology in developmental genes
does not always equate to homology of organs’.

One implication of Fortunato and colleagues’
findings is that, although the ParaHoxozoan
superphylum may still be a useful taxonomic
group, it can no longer be defined by the
possession of ParaHox or Hox genes. In addi-
tion, the results suggest that the origin of the
ParaHox genes is earlier than was previously
thought and that the first animals probably
had a ParaHox gene repertoire (Fig. 1). This
idealeads to the intriguing question of whether
the common ancestor of all animals was in fact
more developmentally complex than present-
day sponges, cnidarians and placozoans, and
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that these groups have lost complexity, rather
than that complexity has been gained in other
animal lineages.

Our existing sample of animal genomes has
heavily influenced our current ideas about
ANTP gene evolution. There are two other
classes of sponge, the Homoscleromorpha®
and the Hexactinellida’, and a draft genome
sequence for the homoscleromorph Oscarella
carmela is available'". Investigating its ANTP
gene repertoire should shed further light on
the evolution of ParaHox and Hox genes.
More generally, the sequencing of additional
genomes from organisms at the sparsely
sampled base of the animal phylogenetic tree
will be key to refining our understanding of
the changing complexity of animals over the
course of evolution. m
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Secret ingredient

exposed

Astronomers have suspected for some time that magnetic fields are a key
ingredient in the accretion of material that surrounds young stars. New
observations have just begun to reveal these fields in action. SEE LETTER P.597
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ost stars are born surrounded by
Mdisks of gas and dust, and it is in

these disks that planets form. How-
ever, the gas and dust that makes up these
disks (Fig. 1) does not all go into forming plan-
ets. Indeed, much of the disk material slowly
falls, or accretes, onto the newly formed star,
setting its final mass. For many years, astrono-
mers have studied such accretion disks and

measured the rate at which the material accretes
onto young stars, but exactly why such accre-
tion occurs so efficiently has remained elusive.
Over the past several years, researchers have
started to zero in on a solution in theoretical
studies for the evolution of an accretion disk
that involves the action of magnetic fields.
Unfortunately, until just this year there were
no observations of the required magnetic
fields in the disks. On page 597 of this issue,
Stephens et al.' report how they have now clearly

NEWS & VIEWS Ilsﬂiﬁil

of Biology, National University of Ireland,
Maynooth, County Kildare, Ireland.
MaryJ. O’Connell is in the School of
Biotechnology, Dublin City University,
Glasnevin, Dublin 9, Ireland.

e-mails: james.o.mcinerney@nuim.ie;
mary.oconnell@dcu.ie

1. Gehring, W.J. Trends Biochem. Sci. 17, 277-280
(1992).

2. Fortunato, S. A. V. et al. Nature 514, 620-623
(2014).

3. Mendivil Ramos, O., Barker, D. & Ferrier, D. E.
Curr. Biol. 22, 1951-1956 (2012).

4. Moroz, L. L. et al. Nature 510, 109-114 (2014).

5. Peterson, K. J., Cotton, J. A,, Gehling, J. G. & Pisani, D.
Phil. Trans. R. Soc. B 363, 1435-1443 (2008).

6. Ryan,J.F.etal. EvoDevo 1,9 (2010).

7. Scotland, R. W. BioEssays 32, 438-449 (2010).

8. Gazave, E. etal. PLoS ONE 5,e14290 (2010).

9. Dohrmann, M., Janussen, D., Reitner, J., Collins, A. G.
& Worheide, G. Syst. Biol. 57, 388-405 (2008).

10.Hemmrich, G. & Bosch, T. C. BioEssays 30,
1010-1018 (2008).

detected magnetic fields in one such disk.

The key to understanding how an accretion
disk works is to figure out what causes some
of the material to spiral inward and eventually
merge onto the star. Viscosity in the disk is one
possible mechanism. At each point in the disk,
the material slightly inside this position moves
around the star just a bit faster than the mate-
rial just outside the given point. This difference
in speed results in viscosity, a type of friction,
that slightly slows down the material on the
inside, causing it to fall somewhat closer to
the star. This viscosity, acting at all radii in the
disk, leads to the accretion of some of the disk
material onto the central star. The greater the
viscosity, the more rapid the accretion of mater-
ial. The trouble is, although astronomers can
estimate the viscosity in disks on the basis of the
temperature and density of the material there,
the result fails by many orders of magnitude to
produce the rate of accretion that is observed™”.

Magnetic fields, through a process known
as the magnetorotational instability*, have
been proposed as a possible means by which
disks accrete material. If the material in the

Figure 1 | Accretion disks around newly formed stars. These visible-light images show disks of gas and dust (dark rings) around four infant stars (central
bright regions) in the Orion Nebula, a star-forming molecular cloud about 400 parsecs away from Earth. The dust in the disks, which are surrounded by hot gas
from the nebula, makes them look dark at visible wavelengths. Magnetic fields threading these disks, now observed directly by Stephens et al." in the disk of

the young star HL Tau, are probably the main element causing much of the observed disk material to accrete onto the stars. Each square region shown is about
260 billion kilometres across.
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