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Angiosperm Monophyly 

In a recent article in TREE’, V.A. 
Krassilov reaffirms his view that 
angiosperms originated several times 
from different gymnospermous lines. 
He implies that the conventional view 
that angiosperms are a monophyletic 
group is a ‘conceptual bias’ that has 
hampered understanding of their 
origin, and concludes that ‘the long- 
neglected polyphyletic model is in 
the ascendant’. However, the mono- 
phyletic hypothesis is not an un- 
examined assumption, but rather a 
conclusion derived from a wide range 
of morphological, molecular and pal- 
eobotanical evidence. Based on the 
same evidence, the polyphyletic hy- 
pothesis is highly unparsimonious. 

Morphological cladistic studies*+’ 
list numerous derived features 
shared by angiosperms, including 
sieve tubes and companion cells, 
stamens with two pairs of sacs and an 
endothecial layer, closed carpels, lack 
of sporopollenin in the megaspore 
wall, a three-nuclear male gameto- 
phyte, an eight-nuclear female ga- 
metophyte and double fertilization 
leading to endosperm formation. Al- 
though there are exceptions, they are 
clearly related to the basic state and/ 
or occur in taxa that are linked with 
other angiosperms by additional 
advances. 

Krassilov attempts to cast doubt on 
these data by pointing to precursor 
conditions in various ‘proangio- 
sperms’, concluding that ‘not a single 
angiosperm character is unique to 
the group’. This, we submit, is simply 
mistaken. For example, he suggests 
that fusion of both sperm nuclei 
with female gametophyte nuclei in 
gnetophytes is homologous with 
double fertilization in angiosperms. 
While this may be true5s6, the result- 
ing formation of triploid endosperm 
tissue in angiosperms is unknown in 
other groups. Although Krassilov 
criticizes previous workers for con- 
fused morphological concepts, his 
own comparisons suffer from similar 
problems. For example, he states that 
Caytonia has ‘cupulelsl [bearing] 
many anatropous ovules’, but in fact 
the ovules of Cayronia are orthotro- 
pous and it is the cupules that are 
anatropous. 

Recent molecular data also 
strongly support the monophyly of 
angiosperms. Studies of ribosomal- 
RNA sequences from a wide range of 
taxa7,8 show that angiosperms are 
united by at least 25 shared advances 
(E. Zimmer, pers. commun.). Like- 
wise, in analyses of the chloroplast 
gene rbcL, angiosperms form a 
well-supported clade (M. Chase and 
R. Olmstead, pers. commun.). The 
relevance of these analyses might be 
questioned because they do not in- 

clude the fossil ‘proangiosperms’ dis- 
cussed by Krassilov. However, they 
do include one living group that he 
links with some but not all angio- 
sperms, the gnetophytes. His view 
would therefore require at least two 
changes in each of the characters that 
mark angiosperms as a whole. 

Krassilov also claims that the Cre- 
taceous fossil record supports poly- 
phyly by showing that angiosperm 
lines with uniovulate and multiovu- 
late carpels do not converge going 
back in time. However, this conflicts 
with analyses of the much-more- 
complete pollen and leaf recordsg*lO, 
which show progressive morphologi- 
cal divergence of angiosperms from 
the oldest types through time. 

To explain multiple origins of angio- 
sperm features, Krassilov speculates 
that filling of newly vacated ecologi- 
cal niches by some angiosperms pro- 
moted ‘similar innovations in other 
preadapted lineages’, while ‘viral 
gene transfer mediated by fungi 
and bacteria’ facilitated “‘horizontal” 
spread of a new trait among coevolv- 
ing lineages’. However, such exotic 
mechanisms need to be invoked only 
if one accepts the polyphyletic hy- 
pothesis, which has been tested and 
found unparsimonious. There are 
many genuinely unresolved issues in 
angiosperm evolution (e.g. whether 
the angiosperm tree is rooted near 
woody Magnoliales or among her- 
baceous Nymphaeales, Piperalesand 
monocotsl’), but monophyly is not 
one of them. 
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r---- A reply from Krassilov will appear in a subsequent issue. Ed. I 

Common Interest and Novel 
Evolutionary Units 

In his stimulating article’, Egbert G. 
Leigh mentions several cases when a 
higher-level unit is created by the 
forceful effect of common interest 
among the lower-level units. The 
emerging new units must be able to 
constrain the evolution of their con- 
stituent replicators. In particular, he 
refers to his model as one of genuine 
group selection, where he derived the 
conditions in which selection in one 
direction on a polygenic quantitative 
trait at the group level can success- 
fully override selection in the op- 
posite direction at the individual 
leve12. 

While Leigh’s model identifies gen- 
eral requirements, a more specific 
but still general model, showing the 
feasibility of coexistence of compet- 

ing units within groups through 
selection at the group level, exists. 
The introduction of the stochastic 
corrector mode13r4 was ,triggered 
by Eigen’s5 paradox of prebiotic 
evolution: in the beginning, genes 
could not have been linked into long 
chromosomes, but while they re- 
mained unlinked they would com- 
pete and so the genome (as an 
ensemble of genes) would become 
disrupted. A protocell functions well 
if (I) the various genes contribute to 
its function as a whole; and (2) the 
replicative difference between the 
genes is diminished. It was shown 
that both features are favoured by 
selection for higher protocell growth 
rate, resulting in an efficient inte- 
gration of genetic information (cf. 
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