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Abstract

Recent developments in evolutionary systematics and molecular sequencing have provided
us with a stable family tree of all major plant groups on Earth. Bioprospecting of plants for
new drugs and other useful properties can utilize this evolutionary-based information to
focus screening on particularly high-yielding taxonomic groups. This require databases of
samples to reflect the most recent evolutionary classifications so we can statistically identify
the taxonomic groups that give the highest yield of positive screening results. For example,
the taxonomy in the NAPIS database used for the ICBG global screening projects needs to
be updated to permit scientific evaluation of the correlation between screening results and
evolutionary data. An example is given of the discrepancies in the Lamiales (the Mint and
Snapdragon plant order) between the most current classification and the NAPIS database.
A road map describing the opportunities and processes of evolutionary-based
bioprospecting is presented.
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Scrophulariaceae Figure 1. “Tree of Life" for some common medicinal plants based on most
recently found evolutionary relationships using DNA sequencing. Note how
many medicinal plants are aggregated into a few families that are not
closely related, such as the Sunflower family, Mint family, and Bean Family.
Drawing by Sasha Eisenman. (Evolutionary relationships after APG, 2003).
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Introduction

— Poulowniscean
- i R There are over a quarter million known species of flowering plants on
e Lm“w‘" :M‘ " .La'mceae — Ve Earth, with only a small fraction investigated for their medicinal
=P = properties. Plants carry a great potential as sources for new drugs
Inamm Acanthacese with their extensive production of secondary compounds and need to
defend themselves against herbivore, viral, and fungal attacks. We
D“‘F‘““““ Bignariaceae present here a new approach to more efficient bioprospecting in
= Schiagaliacens these times of rising drug development costs and global biodiversity
[Jvewenaceas  [] vervenaceae crisis (Farnsworth 1988; Gentry 1993).
—Martyniacese  — Pedaliaceas Screening of plant diversity for new, bioactive compounds can take
several approaches. Random samples of plants can be screened
" crophulariaceas (the ‘shot-gun’ approach, as used by NCI; Cragg et al. 1994) or
m‘f*mm. plants can be selected based on their use as herbals in native
3 Samm’m”: :maceae cultures (Cox & Balick 1994; Mendelson & Balick 1995; Singh etal.
mm-;:;- yacome 2003). So far, plants have rarely been selected for screening based
Zalurianskya katharinse ool on their taxonomic neighborhoodi; i.e., close evolutionary relationship
to plants with previously known activities. All approaches have
— Solanaceas yielded few new commercial drugs, but no study has compared the

. Stibaceas . . . -
overall efficacy of the different approaches. Many efficacy studies

have been done on a species-only basis, for example Echinacea in

Scrophulariaceas the sunflower family (Borchers et al. 2000). But so far, no study has
looked at how sunflower plants (Asteraceae) score in comparison to
other plant families, despite the abundance of medicinal plants in this
family (e.g., chamomile, feverfew, milk thistle, wormwood, and

e 4 — Cafitrichaceas

©igals) yarrow; Fig. 1).

Plants derive a majority of their characteristics from their genetic
heritage and ancestors, including their potentially bioactive
compounds. Closely related species and genera are therefore more
likely to share similar bioactive compounds, so invoking evolutionary

D G data in the strategy for directed, successful pharmaceutical screening
. Calceolariaceas . Scrophulariaceae should lead to a higher success rate. This, however, has rarely been
— Dleaceae — Oleacese statistically tested, primarily due to the previous lack of a robust
evolutionary-based family classification.
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A new evolutionary framework

Extensive DNA sequencing among tens of thousands of plant
species in the last few decades has lead to a revolution in plant
systematics studies. New evolutionary hypotheses have been
developed to construct a robust ‘family-tree’ of most plant families
(e.g., Chase et al. 2003; Soltis et al. 2000; Qui et al. 2000; Fig. 1).
Some traditional families were shown to include species from several

tree showing

Figure 2. An among mints, foxgloves, salvias,
» ’ snapdragons, and related plants (order Lamiales). A new classification was based on this tree, with
il

family groups as shown in the left-most column. The right-most column shows the previous
classification, which is still used in the NAPIS database. For example, plantain (Plantago) was earlier
placed in its own family, but its closest relative is Veronica, and they are now placed together in a new
family called Ver The older family (in red) was shown to be an aggregate
of many unrelated groups. Some representatives of medicinal plants of these families are shown to the
very right. (Figure from Olmstead et al., 2001)
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different ancestors (polyphyletic) or did not include all descendants of
a common ancestor (paraphyletic) and these have now been
reclassified into new natural (monophyletic) families. This giant family
tree has been translated into a new classification of all flowering

Road map for evolutionary-based
bioprospecting in ICBG
1.Continually update the taxonomic classification used in

NAPIS to the most recent findings (with on-going funding for
this provided directly from funding agencies)
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