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Response: The writers have raised several
interesting issues concerning methodology
and phylogenetic interpretation of ribosom-
al RNA (rRNA) sequence data and concern-
ing our unexpected finding that the 18S
rRNA sequences of coelenterates (Cnidaria)
suggests that these creatures may have arisen
from protists independently of other ani-
mals.

Nielsen is disturbed by the placement of
organisms in some of the trees. Specifically,
he questions the four different branching
orders for eucoelomate phyla shown by the
trees, and he is disturbed by the implied
sister group relationships in the detailed tree
for protostomes. Both of these concerns
stem from overly detailed interpretation of
the trees. As we discussed in our paper, a
slowly evolving molecule is required to re-
solve very old phylogenetic events. Howev-
er, during a rapid radiation of lineages, a
slowly evolving molecule may accumulate
too few mutations in the interval of interest
to resolve the splitting events. In this case,
rapid radiations will appear as a polychoto-
my without topological definition: perhaps
the tree should have been drawn as such.
However, we felt it better to present the
quantitative trees rather than an interpretive
sketch. As we pointed out in the paper, we
in fact do not suggest any branching rela-
tionships for echinoderms, protostomes,
chordates, and arthropods from our data.
Instead, we have shown that molecular data
support the concept of the explosive late
Precambrian radiation of animals that is
suggested from paleontological data. The
same considerations apply to the proto-
stome tree. As above, the topology of these
closely spaced branch points cannot be re-
solved. What is clearly shown by the data is
that there was a complex radiation of pro-

tostome groups soon after the radiation of
coelomate animals. Further data will be
needed to resolve the branching orders.
Additional interesting results have come
from the analyses of protostomes. First,
there is indeed a complex of closely related
protostomous phyla. Second, brachiopods
are in fact closely related to the classic
protostomes. Third, mollusks are close to
annelids. The molecular data clearly make
untenable the commonly held view that
mollusks are independently derived from
platyhelminthes (1). It is in discriminating
between models like these that the rRNA
sequence data make a major contribution.
We agree with Nielsen that molecular data
are no panacea for systematics. Rather, such
data are an inevitable part of modern sys-
tematics because they offer new lines of
evidence. Moreover, the sequence data pro-
vide the most incisive basis for comparison
in some instances: what other phylogeneti-
cally informative homologies are there be-
tween mammals and clams and com?
We concur with Walker that the 5S and

18S rRNA-derived phylogenies are in signif-
icant disagreement. Of the Metazoa for
which both 5S and 18S rRNA data are
available, the anemone, starfish, and sea
urchin sequences display the greatest incon-
sistencies. If these two molecules are not
consistent with a common phylogeny, then
is one of the phylogenies more acceptable in
the light of other data? In the case of the
echinoderms the answer is clear: the 5S data
suggest a polyphyletic origin of echino-
derms, whereas the 18S rRNA data group
them together very solidly. For anemone
and hydra, the 18S rRNA data place the
origin of Cnidaria near the plant-fungal sep-
aration, whereas the 5S rRNA data place
jellyfish and anemone within the Metazoa,
but within the Bilateria instead of as a sister
group of the Bilateria. Certainly the latter
placement is biologically unreasonable. The
question is whether the former placement is
also unacceptable.

After the publication of our paper, we re-
examined the statistical significance of the
affiliation of Cnidaria with the plants, fungi,
and ciliates by construction of phylogenetic
trees from our cnidarian sequence data using
the "bootstrap" method of Felsenstein (2).
In this procedure trees are constructed on
the basis of a random sampling (with re-
placement) of sequence positions. When the
cnidarian sequences are sampled in this way,
54% of the resultant trees reproduced the
published grouping of taxa. The next most
common outcome (42%) is the positioning
of the Cnidaria as a sister group to the
Bilateria. In 50 resamplings of the data we
never observed divergence of the Cnidaria
before the separation of the ciliate and fun-

550

gal lineages from that leading to Bilateria, or
after the branching of the flatworm lineage
from that giving rise to the coelomates.
Walker further suggests that a minor 18S

rRNA gene could have become dominant in
the cnidarian lineage. If the common ances-
tor of the Cnidaria and Bilateria had multi-
ple, distinct 18S rRNA genes and ifdifferent
versions were preserved in the two subse-
quent lines ofdescent, then an inappropriate
phylogeny might be inferred-equivalent to
comparing alpha globins of some mammals
with beta globins of others. Although varia-
tion among the 5S rRNA genes within an
organism has been observed in various
metazoans (3), it is only recently that Gun-
derson and his co-workers (4) discovered
that the protist Plasmodium berghei expresses
two different 18S rRNA genes during its life
cycle. However, there is no evidence that
such occurences are common, although they
have been looked for in many systems; and
the 18S rRNA data remain consistent with
metazoan monophyly. Perhaps the search
for inconsistencies should tum to asking
why the 5S rRNA yields such implausible
evolutionary relationships [for examples see
(5)].
Bode and Steele also question the posi-

tion of Cnidaria derived from 18S rRNA
data, but on different grounds. They point
not to conflicts between sequence-derived
inferences, but to a variety of persuasive
cellular, subcellular, and molecular features
that Cnidaria share with other animals.
However, before rejecting an independent
origin for these groups from the protists, we
should consider that an independently
evolved "animal" would have many of the
same features as true metazoans. Protists
possess many of the precusors for the paral-
lel evolution of such structures as muscle
and nervous tissue. The close resemblance of
these structures in cnidarians and other ani-
mals could reflect ancestry, or it could reflect
the constraints of such systems regardless of
origin. The same arguments apply to subcel-
lular structures. Protists are both incredibly
diverse and unfortunately little studied at
the molecular level. As Bode and Steele
point out, Cnidaria possess some molecular
features (for example the src gene) in com-
mon with other metazoa that have not to
date been identified in protists, yeast, or
plants. The 70% sequence similarity be-
tween hydra and chicken src genes speaks to
a very high degree of evolutionary conserva-
tion in this sequence, and it may indeed
prove to be very useful for tracing long-
distance phylogenetic relationships. Howev-
er, the presence or absence of a specific
molecule may not be a definitive character.
To illustrate, the ras oncogene is present in
both yeast and slime mold and it is 65%
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similar to the human protein (6). In addi-
tion, there are some striking molecular dif-
ferences between cnidarians and other ani-
mals, including the structure of mitochon-
drial DNA. This is a very conservative fea-
ture in animal phyla, where it exists as a

small circular genome. On the other hand,
in hydra and other cnidarians the mitochon-
drial DNA is present as a linear DNA
genome (7), as it is in ciliates and some other
protists (8).

It is clear from our data that Cnidaria are

very distant from other animals. We do not,

however, argue forcefully for Cnidaria hav-
ing an independent origin from other ani-
mals. The inferences drawn from the boot-
strap analysis of 18S rRNA sequences dis-
cussed above indicate that these organisms
should be placed either on a separate branch
from true metazoans or very deep within the
metazoan branch. We believe that the issue
remains to be resolved. Although all of the
data, both molecular and nonmolecular, tak-
en together may agree best with a deep
origin of Cnidaria within the metazoan

clade (as a sister group to the Bilateria), the
independent origin of Cnidaria is a possibili-
ty that must still be considered and further
investigated by accumulation of additional
sequence data, not only for rRNAs.
The inference of deep phylogenies from

molecular sequence data is a new and excit-
ing endeavor. The 18S rRNA sequence data
have allowed us to address some important
problems in metazoan phylogeny and to

define the first large-scale molecular-based
phylogenetic tree for this group. We have
provided concrete answers to some major

questions; we have revealed some major
rapid radiations; and we have explored the
strengths and limitations of using rRNA
sequence data for resolving relationships
among animal phyla. These results will hard-
ly be the last word, but they both provide
more focused questions and outline a new

approach to systematics.
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