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Putting the phylogeny into the 
centrifugal phylogenetic method

Dean G. Kelch1 and Alec McClay2

Summary 

Phylogeny has long been recognised as an important concept in constructing test plant lists for use in
host specificity testing. In the absence of detailed, explicit phylogenies, taxonomic classifications have
often been used as a framework for test plant selection. Unfortunately, traditional taxonomies often do
not reflect phylogenies accurately. These inaccuracies can take several forms; some taxonomic classi-
fications represent unnatural (polyphyletic) groups. However, the most common instances reflect para-
phyletic classifications, in which some, but not all, descendents of a most recent common ancestor are
grouped taxonomically. Explicit phylogenies, many based on comparison of DNA sequences, are
becoming available for many plant groups. The Internet is an excellent guide to these phylogenies, as
one can find references to peer-reviewed articles, abstracts, and unpublished research information.
Explicit phylogenies should provide a basis for test plant choice, but the process will also be informed
by such guideline criteria as economic importance, regulatory interest, geographic proximity, and
ecological similarity. Common phylogenetic patterns include those in which the target taxon is equally
distantly/closely related to plant species of concern. This scenario indicates a broad, equally distributed
choice of exemplar taxa for host specificity testing. If the target taxon is more closely related to some
taxa of concern than it is to others, then a graduated sampling strategy is indicated. Some specific exam-
ples are discussed that illustrate these common outcomes.
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Introduction
In assessing potential agents for the biological control of
weeds, food plant specificity studies play a vital role.
Because these studies entail assessing the potential
agent’s response to a significant number of plant species
or cultivars, they utilize a considerable portion of the
time and money allotted for agent development. There-
fore, one must use criteria for choosing test plants that
are both efficient and effective in evaluating potential
agents.

There are several major criteria that are used in
choosing test plants for food plant specificity studies
including propinquity, relationship, and importance.
Propinquity refers to the occurrence of the test plant
within the release region. Generally speaking, a broad

interpretation of release area is preferred, as the vagility
of the potential agent is rarely known. In addition, once
an agent is approved for release, there are rarely signifi-
cant regulations preventing the release of an agent
throughout the country (see Nechols 2000, Louda &
O’Brien 2001). In the case of large countries such as the
US and Australia, this can lead to spreading the agent
throughout an entire continent. Degree of relationship is
an important criterion for choosing test plants, as there
are strong correlations between agent host range and
taxonomy. Importance of the plant chosen for testing
has traditionally applied to agricultural and important
range species, but can equally apply to ecologically
important plants, as well as rare or endangered species.

The ideal test plant would fulfil all three criteria
mentioned above. Nevertheless, the most important
criterion is degree of relationship. It is the close rela-
tives of the target weed that are most likely to share the
critical features that allow an agent to feed and breed
successfully (e.g. chemistry, morphology, and
phenology). Ideal biocontrol agents should be
monophagous (restricted to the target plant) or, if
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oligophagous (restricted to the target plant and a few
related plants), then the non-target plants should not
occur in the release area and/or they should be trouble-
some weeds themselves. It is the close relatives to the
target weed that will provide the acid test of
monophagy.

Wapshere (1974) emphasized phylogenetic (evolu-
tionary) relationships as the most important criterion
for choosing plants to test (although he also acknowl-
edged non-phylogenetic criteria). He called this the
centrifugal phylogenetic method. At the time, explicit
phylogenies, that is to say detailed hypotheses of evolu-
tionary relationships among organisms, were rare.
However, as taxonomy was viewed as being based
primarily on phylogeny, it was recommended that the
hierarchical taxonomic groupings be used as a guide to
test plant choice.

Phylogeny versus taxonomy

The field of systematics has undergone major changes in
the last 30 years, the most profound of which is the
development of phylogenetic systematics. This field
attempts to reconstruct the evolutionary tree of life. A
huge body of literature has been generated on the theo-
retical bases and practical methods for inferring evolu-
tionary relationships and constructing phylogenies.
Putative relationships are illustrated by using branching
diagrams or trees. Although interpreting these trees
quickly entails some preparation, they are powerful
cognitive tools. In addition, the development of compar-
atively inexpensive and rapid methods for sequencing
genes and other molecular markers has resulted in a
source of new data for use in phylogenetic analysis. By
comparing the sequences of particular genes across taxa,
systematists have been achieving great insights into the
structure of the tree of life. What study after study has
found is that traditional taxonomy is not necessarily a
pure reflection of phylogeny. Although artificial
(polyphyletic) groups are rare in land plants, many taxo-
nomic groups are paraphyletic. This can create problems
for planning food plant specificity studies. 

Polyphyletic groups are composed of organisms not
closely related to each other. They generally are associ-
ated on the basis of convergent evolution. Traditional
taxonomists were, by and large, able to avoid
polyphyletic taxa by comparing whole suites of
morphological characters. Polyphyletic groups are more
likely to result from single character taxonomy, which
was occasionally practised, but more often criticized, by
systematists. Nevertheless, when few characters were
available to distinguish taxa, polyphyletic groups some-
times resulted. The evidence from DNA sequence data
often allows us to identify these unnatural groupings. At
the family level, Cornaceae (dogwood family) sensu
lato (s.l.) and Saxifragaceae (saxifrage family) s.l. are
two examples of polyphyletic groupings. In Cornaceae,
the small starry flowers with inferior ovaries resulted in

dogwoods and the related Davidia (dove tree) being
classified with the unrelated (to Cornaceae and to each
other) Aucuba and Corokia (see Bremer et al. 2002,
Xiang et al. 2002) (Fig. 1). The herbaceous Saxifra-
gaceae sensu stricto, mainly based on the possession of
a bicarpellate ovary, traditionally has been associated
with several woody taxa such as Ribes (gooseberries),
Hydrangea, Philadelphus (mock orange), Argophyllum
and Brexia (Fig. 1). Current evidence indicates that, of
these, only Ribes is closely related to Saxifragaceae
(Savolainen et al. 2000, Soltis et al. 2000, Soltis et al.
2001). The traditional family Scrophulariaceae, which
contains a number of weedy genera such as Linaria,
Verbascum, Veronica, Plantago and Striga, has been
shown to be composed of at least five distinct mono-
phyletic groups (Olmstead et al. 2001).

Figure 1. Phylogeny of eudicots showing polyphyly of
Cornaceae and Saxifragaceae. Taxa marked in
bold represent taxa traditionally placed in
Cornaceae. Taxa underlined represent taxa
traditionally placed in Saxifragaceae. Adapted
from references in text.
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At the generic level, recent evidence indicates that
the large, woody, legume genus Acacia is polyphyletic.
Acacia subgenus Acacia, consisting of about 160
species of pantropical trees and shrubs, is not closely
related to subgenera Phyllodineae and. Aculeiferum
(Miller & Bayer 2001, 2003, Robinson & Harrison
2000). Acacia subgenus Phyllodineae comprises about
960 species from Australasia. In this group are found
several economically important species, including
some that are noxious weeds in warm temperate and
subtropical areas. Unless there is a successful petition
to change the type of the genus Acacia, the large
subgenus Phyllodinaeae will become the genus
Racosperma C. Martius (Maslin et al. 2003). As more
evidence becomes available, other polyphyletic genera
are likely to be identified, especially in large families
with poorly differentiated genera (e.g. Compositae,
Umbelliferae, and Cruciferae).

Paraphyletic taxonomic groups include some, but
not all, of the descendents of a most recent common
ancestor. Usually, allied taxa not included within the
paraphyletic group display one or more characteristics
that make them seem significantly different from their
close relatives. Paraphyly is very common in modern
taxonomic systems, because, traditionally, paraphyly
was ignored or implicitly accepted by systematists.

A classic example of a paraphyletic group is the
Pongidae (great ape family), that are paraphyletic to the
Hominidae (human family). Based on both morpholog-
ical and molecular evidence, chimpanzees are more
closely related to humans than they are to other great
apes (Goodman et al. 1998). Therefore, the Pongidae
include some, but not all, descendents of the most
recent common ancestor of chimps and orangutans. In
a purely hypothetical example, if chimpanzees were to
become an agricultural pest, one would be in error if
one tested potential biological control agents only
against members of the Pongidae. Using phylogeny as
a guide, such agents, even if narrowly oligophagous,
would be much more likely to attack humans than other
great apes.

In a plant group that includes weedy taxa, a good
example of paraphyly is found in the genus Brassica
(mustards), which is paraphyletic to Raphanus
(radishes) (Fig. 2). These genera are distinguished by
their fruit morphology; Brassica has the typical siliques
of the Cruciferae, while Raphanus has indehiscent
fruits that break into one-seeded sections. Evidence
from DNA sequence data shows that Raphanus evolved
from within the genus Brassica (Yang et al. 1998,
1999). Both of these groups include weedy strains as
well as important food cultivars. Any food plant prefer-
ence studies carried out within this group should
include test plants chosen based on phylogenetic rela-
tionships rather than taxonomic grouping. Other para-
phyletic plant groups include Arabis and
Chenopodiaceae. Lepidium (Cruciferae) is paraphyletic
to the weedy genus Cardaria (Mummenhoff 2001).

Chenopodiaceae is paraphyletic to the family Amaran-
thaceae (Downie 1998); this has led to the proposal to
unite the two families under the older name Chenopo-
diaceae.

Phylogeny and biocontrol

Briese et al. (2002), in their study of potential biocon-
trol agents of Onopordum (scotch thistle), illustrated
how a phylogeny, even if it is not fully resolved, can be
used in guiding test plant choice. Briese et al. (2002)
numbered the clades (groups) or nodes on a simplified
phylogeny of the Compositae based on degree of rela-
tionship. Theoretically, those taxa in clade 1 would be
more heavily sampled than those in clade 2, but not in
clade 1. At the distant level of 4 and 5, no sampling was
deemed necessary. The authors point out that using this
information allows one to save time and money by
excluding distantly related plants, even if they are clas-
sified in the same family.

Hypericum perforatum (St John’s wort), native to
Europe, is a noxious range weed in large areas of
western North America. Hypericum is a large genus of
350–400 species; in North America alone, there are
about 60 taxa of Hypericum. In the literature on the
biocontrol of H. perforatum, there are accounts of
differential feeding by potential agents on species
within the genus. As there are too many taxa to test
them all, a phylogenetic framework would be invalu-
able in choosing the most critical Hypericum species
for inclusion in food plant specificity studies. Prelimi-
nary results of a molecular systematic study (Park &
Kim 2001) indicate that H. perforatum is more closely
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Figure 2. Paraphyly of Brassica in regard to Raphanus.
Phylogenetic tree based on Yang et al. (1999).
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related to some native North American species of
Hypericum than it is to others. Hypericum section
Hypericum, which contains H. perforatum as well as
some North American species (e.g. H. concinnum) is
paraphyletic. Thus, there is evidence from the phyloge-
netic structure within Hypericum that differential
sampling within the genus would be indicated in studies
of potential biocontrol agents of H. perforatum.

The genus Cirsium (true thistles) represents an inter-
esting problem in North America. There are introduced
species that are noxious weeds (e.g. C. arvense and C.
vulgare), as well as over 90 native taxa, some of which
are critically endangered. The traditional taxonomy
implies that infrageneric groups (sections) are distrib-
uted in both the Old and New Worlds (Petrak 1917).
However, a preliminary phylogeny of the genus (Kelch
& Baldwin 2003) indicates that the North American
native taxa form a clade separate from all Old World
Cirsium (Fig. 3). Therefore, all North American
Cirsium are equally distantly related to any Old World
species. This result calls for an even sampling of North
American taxa in food plant specificity studies.

Conclusions
If a well-resolved phylogeny is available, we can use
phylogenetic inference to avoid wasting resources on
superfluous sampling. In a hypothetical example, two
sampled taxa are attacked by the potential biocontrol
agent. It is quite likely that all members of the clade
representing all descendents of the most recent
common ancestor of the two attacked taxa are potential

food plants for the agent being studied. Based on the
evidence indicated, one cannot rule out that there will
be feeding beyond the clade of interest. Nevertheless,
this information allows one to concentrate sampling on
those untested taxa most likely to be attacked by the
potential agent. Note that phylogenetic inference
allows information from studies from other geographic
regions to inform test plant choice in another region. In
addition, inferring the potential pool of vulnerable plant
taxa based on limited sampling allows early rejection of
candidate agents that show feeding patterns that are too
broad for desirable biocontrol agents.

Criteria other than degree of relationship are impor-
tant in test plant choice as well. These include
economic importance, rare or endangered species,
ecologically important species, and species of partic-
ular concern to government agencies (e.g. wetland
species in the US). Nevertheless, all of these secondary
criteria should be considered within a phylogenetic
framework. Sampling distantly related taxa is a waste
of time and resources (Pemberton 2000, Briese 2003).

Much information on plant phylogeny is available
on the Internet, but as yet there is no central repository
of information. A search should start on the Treebase
website <http://www.treebase.org/treebase/>, which is
meant as a source for information on the phylogeny of
all life. However, as submission of information is
voluntary, the results of many studies do not appear in
this database. Many journals demand that authors of
manuscripts including nucleotide sequences submit all
such sequences to Genbank <http://www.ncbi.nlm.nih.
gov/>. Multiple sequences for the particular gene in a
specific plant group generally indicates a phylogenetic
study published or in press. Most entries also include
information regarding the purpose of the research that
generated the sequence, as well as any pertinent publi-
cations. Primary literature database services such as
Biosis <http://www.biosis.org>, Web of Science
<http://wos.mimas.ac.uk/>, and Agricola <http://
www.nal. usda.gov/ag98/> are excellent sources of
citations of phylogenetic studies. General Internet
search engines such as Google <www.google.com>
often can provide information on plant phylogeny.
Many professional scientific societies post abstracts of
their meetings and many scientists have professional
webpages that cite their research interests. These can be
a useful source of information on publications and/or
addresses of potentially informative personnel. 
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