SCIENTIFIC CORRESPONDENCE

and partly on the observation that Hox
gene expression in the hind limb bud
resembles more closely that of the adja-
cent trunk mesoderm than does that of the
fore limb bud'*; Tabin and Laufer seek
corroboration from Ahlberg’s discussion*
of coelacanth median (and caudal) fin
symmetry, and the earliest record of near-
tetrapod limb-like fragments>.

The continuous lateral fin-fold theory
lacks support from living and fossil organ-
isms, and the use of such hypothetical
ancestral archetypes is ultimately incom-
patible with the continuity of evolutionary
change®. Apparent lateral fin folds in
actual fossil jawless fishes are either re-
stricted to specialized lineages’ or occur
in conjunction with pectoral fins (osteo-
stracans), questioning an ancestor-
descendant relationship between the two
structures®. The numerous inter-girdle
spines of climatiid acanthodians (a group
of early jawed fishes), long held as evi-
dence of the continuous fin-fold, now
appear to be a derived specialization” ",

There is no evidence to support the
theory that the pelvic appendage ante-
dates the pectoral®. A recent review of
agnathan interrelationships’ suggests
that the pectoral fin evolved before any
other component of the appendicular
skeleton (thus exemplifying the role of
fossil data in challenging the validity of
decisions concerning the polarity of
neontological data’). The earliest known
pelvic fin skeletons from members of the
main vertebrate groups consist of diminu-
tive or abbreviated reiterations of the
pectoral pattern®!!!2. The strong dissimi-
larity suggested by Tabin and Laufer is not
found.

An alternative hypothesis sketched out
in the figure could account for the actual
patterns of morphology in the fossil record
without recourse to theoretical ancestors,
and for patterns of gene expression in
embryology without the ectopic initiation
of a new pectoral signalling centre. It may
also incorporate more easily the phylo-
genetic history of the fourfold expansion
of the Hox network occurring between
invertebrates and tetrapods'>. Greater
similarity between the expression patterns
in the hind limb bud and adjacent axial
mesoderm than between the correspond-
ing anterior tissue domains could result
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simply from the dynamic sequence of
ontogenetic (and phylogenetic) develop-
ment. Like the general anterior-to-
posterior gradient of vertebrate develop-
ment, the occurrence of pectoral before
pelvic appendages could be interpreted as
phylogenetic recapitulation, just as the
earliest jawed and jawless fishes tend to
consist of elaborate brain cases and gill
arches with only poorly differentiated
axial and tail skeletons.

Mike Coates

University Museum of Zoology,

Downing Street,

Cambridge CB2 3EJ, UK

SIR — Tabin and Laufer' present a
thought-provoking model for the evolu-
tion of the tetrapod limb, but nevertheless
leave untackled some important issues.

First, it has long been known that the
axial level of the paired appendages of
fishes is plastic, in that the specific level of
origin of the fins has moved rostrally
and/or caudally along the body axis during
phylogeny. Therefore, there is no 1:1
correspondence between segment identity
and the anterior—posterior point of de-
velopmental origin of the fins (see refs 2,
3). If the Hox code of the posterior
appendage reflects the level of origin of
the fin from within the continuous primi-
tive lateral fin fold, then clearly axial Hox
code and appendage Hox code can be-
come dislocated, both phylogenetically
and ontogenetically. If the Tabin and
Laufer model is correct, then such disloca-
tion is likely to have been a feature of not
only the fin-to-limb transition but also of
the radiative evolution which has resulted
in such diversity of fin phenotype and axial
position.

Second, in the three-stage model prop-
osed, the key step is the acquisition of
a ‘posterior’ Hox code by the anterior
appendage. An explanation for how this
might come about is fundamental to the
model. It is suggested that the ectopic
initiation, in the anterior appendage, of a
signalling site such as the zone of polariz-
ing activity, assumed to be formerly con-
fined to the posterior appendage, could
provide the means whereby a posterior
appendage genetic programme (de-
ploying Hox D cluster genes) could be
‘co-opted’ for the development of the
anterior appendage. Indeed, there is now
good evidence that some vertebrate
homeotic transformations are generated
by posteriorization of the relevant Hox
code, such that inappropriate expression
of a posterior code at more anterior levels
changes the positional identity of the
structures that form at those levels to
a posterior character*®. However, the
model proposed begs the question of what
happens to the intermediate part of the
continuous primitive fin fold and fails to
address the issue of why the putative
homeotic change at anterior levels of the
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fold involved acquisition of the most post-
erior code, rather than the Hox code
characteristic of the intermediate part of
the fin fold. As a corollary, we might ask
what type of pectoral appendage did the
original anterior Hox code specify and can
we identify such a phenotype in the fossil
record?

Third, any model addressing the prob-
lem of the fin-to-limb transition during
evolution should acknowledge that
mesenchyme in fins and limbs arises from
different lineages®’. The mesenchyme of
the tetrapod limb is mesoderm-derived
and forms the endoskeleton, whereas the
mesenchyme of the (phylogeneticaily
more ancient) fin bud is both mesoderm-
and neural crest-derived, forming endo-
skeleton proximally and dermal skeleton
distally. In terms of phenotypic evolution
of the primitive lateral fin fold, and the
fin-to-limb transition, the lineage deri-
vation of the mesenchyme has important
implications with regard to mechanisms
invoked to explain these evolutionary
events. For example, is skeletal pattern
within the neural crest-derived (ecto)
mesenchyme of the fin specified in a
manner identical to the mesoderm-
derived mesenchyme? Can we expect to
find nested patterns of Hox A and D
cluster genes in the distal mesenchyme of
the fin bud comparable to those reported
for the distal mesenchyme of the limb
bud®“? Although the model proposed by
Tabin and Laufer is not incompatible with
this embryology, it will need to accommo-
date the mixed lineage derivation of the
mesenchyme found in the appendages of
non-tetrapod vertebrates.

To put the Tabin and Laufer model and
the aforegoing discussion into some per-
spective, the existence of a primitive
lateral fin fold in an ancestral form, al-
though widely discussed, remains entirely
hypothetical in the absence of any sup-
porting evidence (palacontological or
biological). Nevertheless, we believe that
the authors are correct in stressing the
need for comparative studies on Hox gene
expression using other systems, but urge
that questions such as those raised here
form an integral part of any such study.
Peter Thorogood
Patrizia Ferretti
Developmental Biology Unit,

Institute of Child Health,
30 Guilford Street,
London WCIN 1EH, UK
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