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A PARSIMONY ANALYSIS OF  Richard G. Olmstead,’
THE ASTERIDAE SENSU LATO f;;g%frege;; Kathy M. Seou;
BASED ON rbcL. SEQUENCES! >

ABSTRACT

A parsimony analysis of 156 representative sequences of the Asteridae sensu lato and 28 outgroup sequences was
conducted using a two-tiered approach. First, an analysis of the entire group, including 105 sequences, examined
relationships among major lineages within the Asteridae s.1.; subsequently, several clades within the larger group were
examined individually in greater detail by including more sequences for the group in question. The search strategy
was designed to discover multiple islands of equal parsimony using the heuristic search routine in PAUP. In the broad
search and in each more detailed search of subclades, multiple islands were found that imply substantially different
relationships. The results suggest a monophyletic Asteridae s.l., comprising the Ericales, Primulales, Ebenales and
relatives of the Dilleniidae sensu Cronquist; Cornales, Apiales, and Hydrangeaceae of the Rosidae sensu Cronquist;
and the conventionally circumscribed Asteridae. Within the Asteridae s.l., 11 groups were congruent between islands
and are designated as follows: (1) Cornales, (2) ericalean clade, (3) Garrya clade, (4) llex clade, (5) Apiales, (6)
Dipsacales, (7) Asterales s.l., (8) Gentianales, (9) Solanales, (10) Boraginales, and (11) Lamiales s.l. The only grouping
between the level of these 11 clades and the whole Asteridae s.. that is congruent between islands is the clade

consisting of the Gentianales, Solanales, Boraginales, and Lamiales s.l, i.e., the Lamiidae of Takhtajan.

Most recent constructs of the subclass Asteridae
(e.g., Cronquist, 1981; Takhtajan, 1987) represent
reduced groups of the former Gamopetalae (de
Candolle, 1813), which was characterized primar-
ily by fused corollas (see Wagenitz, 1977, 1992,
for a more complete review of the development of
ideas about the Asteridae). A series of traits inter-
feres with the usefulness of the simple dichotomy
of fused versus free petals in defining major groups
in the “higher” dicots (i.e., the tricolpate clade of
Donoghue & Doyle, 1989), including number of
stamen whorls and their position relative to corolla
lobes (Dahlgren, 1983); embryological characters,
such as one versus two integuments and the crassi-
versus tenuinucellar condition in the ovule (Dahl-
gren, 1975); and, more recently, the distribution
of secondary chemicals, particularly iridoids (Jen-
sen, 1992). A “group” defined on the basis of any
one of these traits will be incongruent with a “group”
defined on the basis of any other (Wagenitz, 1977).

Conventional approaches to classification often
proceed by defining groups on the basis of one or

a few clearly defined traits, with additional traits
used to refine groups and establish subgroups. In
contrast, phylogenetic classification relies on the
identification of derived traits to discover groups
that are hypothesized to be monophyletic. Molec-
ular approaches to systematics have become pop-
ular, in part, because they usually are well suited
to phylogenetic analysis. Another reason for the
popularity of molecular systematics is that phylo-
genetic hypotheses generated by molecular data
generally are independent of the morphological traits
in which many evolutionary biologists are inter-
ested.

With the combination of phylogenetic system-
atics and molecular methods, plant systematics has
entered a new period of discovery. With respect
to the Asteridae, we are not simply testing hy-
potheses set forth by previous workers (e.g., Cron-
quist, 1981; Dahlgren, 1980; Takhtajan, 1987;
Thorne, 1992); instead we are discovering groups,
and those groups may or may not reflect traditional
classifications. However, we are indebted to pre-
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vious workers for providing a framework for sam-
pling in molecular studies. It is fortunate that there
has been disagreement among conventional angio-
sperm phylogeneticists, or else our sampling may
have been biased. The possibility of biased sampling
combined with the limited body of data yet pro-
duced by molecular systematists means that inter-
pretations should be made with caution. Sugges-
tions made today (e.g., based on rbcL sequences)
may be viewed in the not-too-distant future as we
view those of 19th-century botanists. The results
reported here fall into three classes: (1) results
congruent with traditional classifications, (2) results
resolving relationships of taxa ambiguously placed
in traditional classifications, and (3) novel results
wherein the sequence data are in apparent conflict
with conventional data. To be treated properly,
these novel results should be considered as starting
points for further studies, in which both morpho-
logical and molecular data are re-examined and
supplemented with additional data.

Recent efforts at discovering a monophyletic
Asteridae (Downie & Palmer, 1992; Hufford, 1992;
Olmstead et al., 1992) identified a large clade
containing the Asteridae sensu stricto and several
elements generally excluded from traditional cir-
cumscriptions of the group, including the Apiales,
Ericaceae, Fouquieriaceae, Cornaceae, Hydran-
geaceae, Loasaceae, and Columelliaceae. Olmstead
et al. (1992) referred to this clade as the Asteridae
sensu lato and identified four major lineages com-
prising the group, with relationships unresolved
among them. The four lineages were the (1) eri-
calean clade (Ericaceae, Polemoniaceae, Fouquie-
riaceae), (2) cornalean clade (Cornaceae, Hydran-
geaceae), (3) Asteridae sensu Takhtajan (1987)
plus Apiales (Asterales, Campanulales, Goodeni-
ales, Menyanthaceae, Dipsacales, Apiales), and (4)
Lamiidae sensu Takhtajan (1987) (Gentianales, So-
lanales, Boraginales, Lamiales, and Scrophularia-
les). Restriction site analysis of the cpDNA inverted
repeat region (Downie & Palmer, 1992) for the
Asteridae s.s. and putative relatives concurred in
finding a cornalean group, a group consisting of
Polemoniaceae and Fouquieriaceae (Ericaceae was
not sampled), and the Lamiidae (Takhtajan, 1987).
Hufford (1992) identified a large Corniflorae—as-
terid group including a cornalean clade, an eri-
calean clade (excluding Polemoniaceae), and a con-
ventional asterid clade (including Pittosporaceae
and Columelliaceae).

Current work presented here and in accompa-
nying papers represents another step toward dis-
covering the best circumscription of the Asteridae
sensu lato and groups within it. This series of papers

is a fitting follow-up to the “‘Phylogeny of Asteri-
dae” symposium proceedings published in this jour-
nal (Ann. Missouri Bot. Gard. 79(2), 1992), con-
taining as it does papers on groups belonging to
the Asteridae s.s. (Michaels et al., 1993) and pa-
pers on groups now included in the Asteridae s.1.
(Xiang et al., 1993; Morgan & Soltis, 1993; Kron
& Chase, 1993), in addition to this one on the
Asteridae s.l.

A detailed study examining which sequences be-
long in or out of a group as large as the Asteridae
s.l. is a formidable task. Olmstead et al. (1992)
established a series of goals for their molecular
studies of the Asteridae and addressed the first two:
(1) to evaluate the monophyly of the Asteridae and
(2) to identify major lineages within the Asteridae.
This study addresses the next two goals: (3) to
circumscribe ordinal-level groups through greater
sampling and (4) to determine relationships among
them. We anticipate that this will bring us one step
closer to the final goals of a revised classification
of the Asteridae and of a better understanding of
evolutionary patterns and trends within the group.
By focusing on the Asteridae s.l., we examine in
much greater detail the rbcL data for taxa sug-
gested to belong to the group than is possible in
the analyses of Chase et al. (1993, this issue). The
coarse nature of the broad-scope analyses of Chase
et al. (1993) weakens their utility as rigorous hy-
potheses of relationship, but they do serve a useful
purpose by suggesting sets of taxa that merit in-
clusion in more detailed analyses such as this one.

The analysis and interpretation of large data
sets are complicated by the probable existence of
multiple islands of trees representing equally or
nearly equally parsimonious solutions (Maddison,
1991). A single parsimony analysis, even one using
a detailed search strategy, can identify only one
island. Identifying and presenting separate islands
of equal parsimony, or even within one or two steps
of the shortest trees (especially when these trees
may contain 2,000-4,000 steps), provide valuable
insight into possible patterns of relationship and
are essential when revised classifications or inter-
pretations of character evolution are to be based
on the outcome of a phylogenetic analysis. An
inadequate analysis, in which a search for multiple
islands is not carried out, may produce exaggerated
resolution, lead to misleading conclusions, and de-
ter potential lines of further research.

MATERIALS AND METHODS

The sequences included in the analyses reported
here have been published previously (e.g., Olm-



