sequence data.

How are we to explain this clear discrep-
ancy in apparent phylogenetic origin of cni-
darian 5S and 18S rRNA sequences? The
18S sequences presumably should be more
reliable indicators of organismic phyloge-
netic relationships, on the basis of a much
greater number of nucleotides. However, as
Field et al. emphasize, extreme differences in
rates of nucleotide substitutions can obscure
phylogenetic origins. There is no suggestion
that the 55 rRNA cnidarian sequences di-
verged at a notably faster or slower rate than
did the mean metazoan sequence (7). Figure
2 in the 18S analysis (1) indicates unusually
short branches for the two cnidarian se-
quences relative to their presumed time of
divergence (8). However, it is not clear how
this might result in a major error in branch-
ing assignment for the cnidarian sequences.
Typically there are many 18S and 5S rRNA
genes in metazoans, as well as in other
eukaryotes. Thus, the possibility presents
itself that a relic minor 18S rRNA genotype
was carried in the early metazoan lineage
and became dominant in the cnidarian lin-
eage. Alternatively, we might propose that
the smaller 55 rRNA sequences of protocni-
darian and protometazoan lineages con-
verged. This would seem a fortuitous chance
event. Could selection have been involved?
Could lateral gene transfer between proto-
cnidarian and protometazoan lineages or
protocnidarian and protistan lineages have
occurred? Until the apparent discrepancy
between the 55 and 18S rRNA sequence
analyses is resolved by data from other mole-
cules or perhaps by a more illuminating
phylogenetic analysis methodology, the sig-
nificance of the finding that the 18S rRNA
sequence data do not support a common
phylogenetic origin of Cnidaria with other
metazoans should be treated with caution.

WiLLiam F. WALKER
Department of Biochemistry,
Dalhousie University,
Halifax, Nova Scotia,
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We read with interest the article by Kath-
arine G. Field er al. (1). The authors con-
structed a phylogeny based on the compari-
son of the 18S ribosomal RNA sequence of
a number of organisms. Particularly interest-
ing is the conclusion that metazoans arose
twice and independently from an early pro-
tistan ancestor. Cnidarians are inferred to
have arisen from a branch that gave rise to
fungi, ciliates, and plants, whereas the rest of
the animals are said to have arisen from a
separate branch. However, a number of
other cellular, subcellular, and molecular
characteristics that cnidarians share with
other metazoans, but not with plants, fungi,
or ciliates, render this conclusion unlikely.

Nervous systems composed of neurons
are unique to animals, The nervous system
of cnidarians, while not as complex as that of
other metazoans, is made up of cells that are
easily identifiable as neurons. In hydra, they
have the typical morphology of interneurons
or sensory cells (2). The ultrastructure of the
chemical synapses formed by these neurons
with other neurons and with the muscle
processes of epithelio-muscular cells is simi-
lar to those found in many other animals (3,
4). The sensory cilium-stereociliary complex
formed in sensory cells is also similar to that
seen in vertebrate hair cells (4). The neurons
express neuropeptides found in many meta-
zoans [see, for example, (5)]. Additionally, a
neuropeptide originally identified in hydra
(6) is expressed in the nervous tissue of
several mammals [see, for example, (7)].

Cnidarians have several subcellular struc-
tures with complex organization in common
with other animals. As is typical of inverte-
brates, the occluding junctions between epi-
thelial cells of, for example, hydra and Poly-
orchis, are septate junctions (8, 9). The
ultrastructure of these junctions is identical
to that in many invertebrates, as is their
occurrence in circumferential bands around
the apical ends of the epithelial cells.

Epithelial cells are also connected to one
another by gap junctions that have the same
ultrastructural features observed in many
animals [see, for example, (8, 9)]. Further,
they appear to have a similar function. Small
fluorescent dyes (for example, Lucifer yel-
low), but not large ones (for example,
fluoresceinated dextran) will pass from one
epithelial cell to the next (10), which is
typical of gap junction—mediated cell-to-cell
communication. An antibody raised against
rat liver gap junction protein recognizes a
protein in hydra with the same molecular
weight as that of the gap junction protein in
many species of animals (10). When intro-
duced into cells, the antibody specifically
interrupts communication between epitheli-
al cells (10). In hydra (1) and other cnidar-
ians (8, 12), gap junctions have been ob-

served between neurons and between neu-
rons and muscle processes of the epithelial
cells.

Even though there are no separate muscle
cells in cnidarians, epithelial cells contain
muscle processes in which the contractile
elements are arranged in a manner identical
to that in other metazoans. The circumnfer-
ential swimming muscles of many medusae
have the appearance of typical striated mus-
cle found in other animals. The myofibrils
exhibit the usual arrangement of sarcomeres
with A-bands, I-bands, and Z-lines [see, for
example, (12, 13)]. In hydra, the myofibrils
of the epitheliomuscular cells have an ar-
rangement similar to that of smooth muscle
(14).

In addition to the molecules mentioned
above that cnidarians share with other meta-
zoans, two more are associated with animals
but not with other organisms. Between the
two epithelia of every cnidarian is a meso-
glea, a basement membrane. The mesoglea
of several cnidarians has been shown to
contain collagen [see, for example, (15)].
Further, in the two instances where it has
been analyzed, the number of glycosylated
hydroxylysine residues is high, as is typical
of collagens found in basement membranes
(15, 16). Finally, it has been shown that all
metazoans including cnidarians contain a
tyrosine kinase that is immunoprecipitable
by pp60° antibodies (17, 18). Such a kinase
is absent from all plants and unicellular
organisms, including ciliates, examined (17).
Recently, the src gene of hydra has been
sequenced and found to have 65% homolo-
gy with the src gene of chickens at the amino
acid level (19).

Because the Cnidaria share these many
characteristics with other metazoans, but
not with fungi, ciliates, and plants, it is
difficult to accept the proposed biphyletic
origin of the cnidarians and the rest of the
animals. The amount of convergent evolu-

~ tion that would have been required to ex-

plain the shared characteristics seems im-

probable. Thus, we feel the preponderance

of the evidence indicates that it is more likely

that the Cnidaria arose with the other meta-
zoans, as is traditionally described.
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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.

KATHARINE G. FIELD

Department of Microbiology,

Oregon State University,

Corvallis, OR 97331

GARY J. OLSEN

STEPHEN J. GIOVANNONI

EL1zABETH C. RAFF

NorMAN R. PACE

RUDOLF A. RAFF

Insitute for Molecular and Cellular Biology and

Department of Biology,

Indiana University, Bloomington, IN 47405

REFERENCES

. R. B. Clark, in The Origin of Major Invertebrate
Groups, M. R. House, Ed. (Academic Press, Lon-
don, 1979), pp. 55-102.

. J. Felsenstein, Evolution 39, 783 (1985).

. J. Wolters and V. A. Erdmann, Nucleic Acids Res. 16

(suppl.), r1 (1988).

J. H. Gunderson et al., Science 238, 933 (1987).

L. Hendriks, E. Huysmans, A. Vandenberghe, R.

—

De Wachter, J. Mol. Evol. 24, 103 (1986).

. C. D. Reymond, R. H. Gomer, M. C. Mehdy, R. A.
Firtel, Cell 39, 141 (1984), S. Powers et al., ibid. 36,
607 (1984).

. R. Warrior and J. Gall, Arch. Sci. Geneva 38, 439
(1985); J. Gall, personal communication.

8. R. Ryan, D. Grant, K.-S. Chiang, H. Swift, Proc.

Natl. Acad. Sci. U.S. A. 75, 3268 (1970).
9. J. M. Goddard and D. J. Cummings, J. Mol. Biol.
97, 593 (1975).

1 June 1988; accepted 5 October 1988

o ok wN

N

27 JANUARY 1989

TECHNICAL COMMENTS §$I





