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NEWS & COMMENT

The mechanical perfection of organ-
isms represents compelling evidence

for evolution by natural selection but 
can simultaneously confound attempts
to infer evolutionary relationships. Func-
tional interdependence of morphological
traits can cause similar sets of traits to
appear in unrelated lineages – the 
convergent adaptations of flying, swim-
ming and endothermic vertebrates being
striking examples. Similarly, devel-
opmental integration can result in the
repeated evolution of complex character
suites. These phenomena are particu-
larly problematic for systematists be-
cause the resultant homoplastic traits
are not just numerous, but also mislead-
ing in the same way. Unless the corre-
lated characters in such functional and
developmental complexes are identified
and treated appropriately, the wrong
tree might well be reconstructed1–3.

DNA sequences were long thought to
be relatively free of such problems. Mol-
ecular adaptation was acknowledged but
thought to affect only a small part of the
genome4. Concerted homoplasy affecting
enough molecular characters to generate
spurious phylogenetic signals was as-
serted to be either absent or at least much
rarer than in morphological studies5,6.
Compositional bias was potentially a

confounding factor, but methods have
been developed that help correct for it7.
However, many other instances of mol-
ecular adaptation are coming to light: for
instance, primates that forage for bright
fruits have amino acid replacements in
their visual pigments that confer sensitiv-
ity to red; and birds that fly at high alti-
tudes have molecular adaptations in their
haemoglobin that increase oxygen affin-
ity8. Nevertheless, given that these func-
tional substitutions usually involve rather
small portions of the genome (often only a
single key amino acid), it remained uncer-
tain whether such molecular adaptation
could affect enough of the genome to over-
whelm the historical signal8. Similarly, with
respect to developmental correlations,
molecular sequences do not have
ontogenies, and so would appear to be
again immune from such problems. These
optimistic views of sequence data have
now been challenged by recent studies
that suggest that molecular data, like mor-
phological traits, can exhibit concerted
adaptive evolution and experience some-
thing akin to developmental correlations.

In one study9, a phylogenetic analysis
of the entire protein-coding mitochon-
drial genome (over 12 000 base pairs) of
chordates and selected invertebrates
yielded strong support for an incorrect

tree (Fig. 1a). This disconcerting result
was obtained under parsimony, distance
and likelihood methods. Consistently, 
sea urchins fell within chordates, and
frogs, birds and fish formed a bizarre
clade. The distributions of sites co-
ding for three hydrophobic amino acids
(isoleucine, leucine and valine) were
especially incongruent with the accepted
phylogeny and were largely responsible
for generating the spurious tree topology.
When these sites were ignored (together
with third codon positions), the resultant
tree became compatible with accepted
views. Mitochondrial proteins contain
extensive domains of hydrophobic amino
acids, which help stabilize the three-
dimensional structure of membrane-
spanning regions10. It thus appears that
concerted adaptive evolution of these
amino acids throughout the mito-
chondrial genome has been pervasive
enough to obscure the underlying histori-
cal phylogenetic signal.

In another study11, the mitochondrial
cytochrome b gene implied a similarly
absurd phylogeny of mammals, regardless
of the method of tree construction. Cats
and whales fell within primates, grouping
with simians (monkeys and apes) and
strepsirhines (lemurs, bush-babies and
lorises) to the exclusion of tarsiers
(Fig. 1b). Cytochrome b is probably the
most commonly sequenced gene in verte-
brates12, making this surprising result
even more disconcerting. The molecule
forms part of the electron transport chain
in the mitochondrion, and the nature of
this reaction in simian primates differs
from that in all other mammals. Accord-
ingly, the evolutionary rate of cytochrome
b doubled in the lineage leading to simians,
an acceleration entirely caused by an
increase in the number of nonsynony-
mous (and thus presumably functional)
changes11. This rapid adaptive evolution is
probably at least partly responsible for the
odd phylogenetic signal in cytochrome b.
More intriguingly, another mitochondrial 
gene coding for a neighbouring compo-
nent of this electron transport chain
(cytochrome c oxidase subunit II) simulta-
neously experienced a doubling of its evo-
lutionary rate, and phylogenetic analysis
of this sequence yields a similarly bizarre
tree. The most reasonable conclusion is
that this is no coincidence: rather, these
functionally related parts of the mitochon-
drial genome have undergone concerted,
adaptive evolution and lost their historical
signal. Such interdependence might extend
to other areas of the genome. There is evi-
dence that other components of the elec-
tron transport chain, such as the nuclear
genes coding for cytochrome c and
cytochrome c oxidase subunit IV, have
also been affected11.

Molecular phylogenies become functional

Fig. 1. Unexpected evolutionary trees caused by concerted adaptive evolution of molecular sequences.
(a) The chordate tree implied by the entire protein-coding mitochondrial genome, with sea urchins being
placed within chordates, and frogs, birds and fish forming a clade9. (b) The primate tree implied by the
cytochrome b gene, with tarsiers being less closely related to other primates than are cats and whales11.
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Apart from concerted adaptive evolu-
tion, repeated replication errors can also
result in the convergent appearance of
large suites of molecular characters.
Large insertions and deletions are often
accorded high weight in molecular phylo-
genetic analyses, because with random
mutation the probability of convergent
addition or loss of an identical series of
nucleotides is very low. However, if there
are deterministic molecular mechanisms
that predispose insertion and/or deletion
events to affect particular segments, con-
vergent acquisition of these character
complexes will be much more likely. A
recent study13 of mtDNA identified numer-
ous parallel acquisitions of a very distinct
deletion in different individuals of a 
minnow (Cyprinella). The most plaus-
ible explanation for this pattern is that
during replication the secondary struc-
ture of the molecule predisposes the
strands to mispair in a particular way.
Thus, an apparently distinctive molecular
character complex might have a very sim-
ple mechanistic cause. This situation
appears to have a close parallel in mor-
phology. Novel character complexes are
often weighted highly in morphological
studies, because if morphological charac-
ters are free to change independently, the
chances of an identical character com-
plex appearing convergently is slim. How-
ever, ontogenetic integration of organ-
isms means that a simple morphological
change can trigger a cascade of compen-
satory changes during development.
Complex suites of morphological char-
acters can therefore have very simple de-
velopmental bases14,15, and thus a much
higher chance of evolving convergently.

Together, these new studies suggest
that morphological and molecular sys-
tematics might have more in common than
previously assumed. Concerted homo-
plasy, a major confounding factor in 
phylogenetic reconstruction, can con-
taminate both types of data because of
functional adaptation and developmental
or mechanistic constraints. By increas-
ingly recognizing and addressing these
problems, molecular biology now ap-
pears to face similar challenges to those of
traditional morphological systematics.
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