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ABSTRACT. Progress in botany has been very rapid over the past half century. Earlier, it was scarcely possible
to imagine what would be learned about hormone action, growth, or many other key fields of botany. A few of
important new discoveries are mentioned here. The complete sequencing of the genomes of different kinds of plants
began in 2000. The information gained from genomic studies soon will make possible a rigorous study in plant
evolutionary history. At the same time, the accelerating effects of habitat reduction; the widespread and growing
presence of alien invasive species; the gathering of plants in nature for personal use and commercial purposes; and
global warming combined threaten to eliminate two-thirds or more of all plant species during the course of this
century. As scientists and informed citizens, we must give the global situation our most serious attention. © 2007
Bull. Georg. Natl. Acad. Sci.
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Progress in botany has been very rapid over the
past half century, with problems that had been thought
to be intractable yielding to modern methods that would
earlier have been impossible to conceive, much less to
apply. Although Watson and Crick proposed the double
helical model for the structure of DNA in 1953, it was
not until the unraveling of the genetic code in the early
1960s and the demonstration of how the transcription of
proteins actually worked that we began to understand
the basic tenets of molecular biology and their central
role for the whole field of biology. Earlier, it was scarcely
possible to imagine what would be learned about hor-
mone action, growth, or many other key fields of botany,
and few people had any premonition of the massive
changes that would alter science and the face of the
globe over the past 50 years [1,2].

The world population in 1950 was approximately 2.5
billion people; in the ensuing years it has grown to an
estimated 6.5 billion! We were probably using about 50%
of global productivity then on an ongoing basis, whereas
now our rate of use is estimated at 120%. With half of
the world’s people living on less than $2 per day and

one out of eight literally starving, the combination of
population numbers, consumption levels, and technol-
ogy is literally reducing the productive capacity of the
earth to lower and lower levels with every passing day.
Why do we seem to care so little? I first became aware
of these problems along with Paul Ehrlich and other
colleagues at Stanford about 40 years ago. Gradually it
became apparent to us that we were driving species to
extinction at an ever-increasing rate, higher by 2-3 or-
ders of magnitude than anything experienced for the
past 65 million years, and that the cost of our existence
on Earth was rapidly becoming an insupportable burden
[3-5].

But what have we learned about botany over these
years? There have been so many surprises and impor-
tant discoveries that I can offer only a few for consider-
ation here.

The complete sequencing of the genomes of differ-
ent kinds of plants began in 2000, with Arabidopsis,
which was shown minimally to be of ancient hexaploid
derivation, even though it has the smallest genome
among the flowering plants. Complete genomic se-
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quences were soon added for rice, poplar, the lycophyte
Selaginella, with tomatoes, maize, wine grape, and the
legume Medicago soon to follow. These sequences have
made it possible to identify the gene corresponding to a
mutation in Arabidopsis within a few weeks of the for-
mation of a segregating population between a plant con-
taining a mutant allele and the wild type. The DOE Com-
munity Sequencing Program has also supported the
ongoing sequencing of genomes or major sections of
genomes in manioc, potato, tobacco, a moss, Mimulus
guttatus, Sorghum bicolor, Capsella bursa-pastoris, and
Arabidopsis lyrata, a perennial congener of A. thaliana
[1,2,6].

The large amount of related activity, evident in the
pages of any journal in the field, reminds us that the
“$1,000 genome” is going to become a reality sooner
rather than later. As costs decrease rapidly, we will have
greatly enhanced ability to assess variation within and
among populations, thus making it much easier to learn
about adaptation and the process of evolution in plants
and to conserve them.

The information gained from genomic studies soon
will make possible a rigorous study of the evolutionary
history of key innovations in plant evolutionary history
such as vascular tissue, leaves, seeds, and flowers. It will
also make possible the determination of the genetic basis
of significant innovations in the features of mutant indi-
viduals and different species and genera of plants. El-
egant QTL work in Mimulus has documented the genetic
basis for species differences. And, genomic studies have
also led to a better understanding of the genetics of do-
mestication, particularly in maize, where key genes have
been identified and results of selection for a chromosome
region documented (selective sweeps) [7,8].

Also discovered during the last few years is the
fact that plant disease-resistant proteins (R proteins)
usually detect pathogens indirectly by the damage they
do to host cell components, rather than by identifying
the pathogen’s molecules directly. Recent studies have
shown that at least one case of “non-host resistance”
(i.e., in which a plant species does not allow growth of a
particular pathogen species) is due to active resistance
mechanisms encoded by multiple genes. This raises the
possibility that it may be possible to engineer stable
non-host resistance into crop species.

Of fundamental importance has been the indepen-
dent discovery by two groups of investigators of the
receptor for auxin, which was discovered some 80 years
ago — the first plant hormone to be described. This
receptor has turned out to be an Arabidopsis F-box pro-
tein (one of about 700 such proteins in Arabidopsis).
Such proteins act in eukaryotic organisms to target regu-
latory proteins for degradation in a signal-dependent
manner. This finding – a beautiful piece of work on a
long-standing problem – hints at how plant cells “sense”
and respond to this protein, and thus provides a key for

investigating the action of plant proteins in general.
Recently, the signaling mechanism by which plants
sense and respond to gibberellin has also be found to
involve an F-box protein, suggesting that the phytohor-
mones may act via similar mechanisms [6,9,10].

Of special significance has been the identification
of a molecule, called FT, that has all the hallmarks of the
hitherto elusive florigen, and published in three articles
in Science in 2005. The FT gene is induced in leaves
within hours after plants receive a stimulus that pro-
motes flowering, and its product, the FT protein, acts at
the growing tips of the plant to activate the flowering
process. The gap between the two sites is bridged
through movement of FT RNA from the leaf to the grow-
ing tip.

The role of micro RNA, which was poorly under-
stood in 1999, has now been shown to be important in
many aspects of plant growth and development.

Transcription factors and other proteins have been
shown to move in a regulated way through plasmodes-
mata, the “plant information superhighway,” by Bill
Lucas at the University of California – Davis.

Jeff Palmer and his colleagues have demonstrated
the massive horizontal transfer of mitochondrial genes
from diverse land plant and fungal donors to the basal
New Caledonian angiosperm Amborella. This has been
a startling discovery whose significance for plant evo-
lution in general and mode of origin are receiving fur-
ther studies in the Palmer laboratory. Certainly the hori-
zontal transfer of genes to plant mitochondria is fre-
quent, but not to the massive degree in which it has
occurred in Amborella [11].

Another great surprise about angiosperm phyloge-
netics came in 2007, with the recognition that the tiny
grasslike plants of the family Hydatellaceae, endemics
of Australia and New Zealand, were the sister group of
the Nymphaeaceae, the water lilies. Comparisons with
the early angiosperm fossils Archaefructus followed,
with the promise of exciting advances in understanding
for many years to come.

Plant phylogenetic studies have expanded rapidly
in precision and in coverage of different groups. Careful
developmental studies linked with comparisons of the
genetic basis for the patterns observed have much to
offer in understanding the relationships of plant groups
at all levels, and the basic patterns of relationship that
have been emerging over the past 15 years or so – often
radically different from what had been suspected earlier
– appear durable. Informative studies of fossil plants
have begun to teach us much about the nature of the
earliest angiosperms. Along the way, numerous discov-
eries in the fossil record have proved patently false ear-
lier conventional wisdom that held that there simply were
not be enough fossil flowers to make any difference in
our understanding of angiosperm evolution. Some of
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the earliest fossil flowers apparently represent entirely
extinct major taxa. By the mid and Late Cretaceous, an-
cient taxa with clear relationships with groups such as
Chloranthaceae and other extant angiosperm clades ap-
pear. The resolution of such fossils will provide inter-
esting results for years to come.

The Angiosperm Phylogeny Group (APG) has con-
tributed much to the establishment of monophyletic
groups in angiosperms, a trend obviously beneficial to
the establishment of sound classifications with predic-
tive value. The phylocode, with its cognitive formless-
ness, has provided a way of organizing information that
some students of phylogeny have found useful, but, in
principle, since it does not indicate the relationships of
taxa nor help us locate information about them it has
not been widely accepted.

Notable in recent years has been the sturdy growth of
the Tree of Life Project, which will provide a sound basis
for understanding the relationships of major taxa within
the next few years. Numerous surprises, such as the root-
ing of the Equisetales within the ferns, and, controver-
sially, the Gnetales within the conifers, will clearly be en-
countered along the way. With respect to the latter hy-
pothesis, in which Gnetales are seen as sister to Pinaceae,
there has been much doubt, but further critical evaluation
is clearly necessary in view of the material presented.

In terms of the material available for systematic
botany and its availability, the total number of plant
specimens in the world’s roughly 3,000 herbaria is grow-
ing at the rate of about 10 million specimens per year,
with approximately 345 million specimens in the world’s
herbaria today. The total number of distinct vascular
plant species validly described has not been reliably
estimated, but there are clearly at least 325,000 of them,
with what I would estimate as 100,000 more still to be
named and defined. Over 100,000 species are cultivated
in botanical gardens already, and the gardens themselves
have grown by about a third over the past decade, with
about 2,700 operating today.

Major increases in the availability of information
about plants on the World Wide Web foretell even
greater increases in such useful information in the fu-
ture. For example, the African Plants Index now includes
high-resolution images of about 80% of the types of
African plant species, and will go on line later this year;
and a similar project for the types of Latin American
plants, again backed by the A. W. Mellon Foundation
of New York, was started in 2005.

The literature of systematic botany is likewise be-
coming available on line: the Missouri Botanical
Garden’s Botanicus project, funded by the Keck Foun-
dation and the Institute of Museum and Library Ser-
vices, has already recorded over 400,000 pages of pre-
1923 systematic literature in a searchable format, with
2,500 additional pages being added each week. In this

way, the complete literature of systematic botany will
become universally available relatively soon. All of the
Botanicus information is linked to the Missouri Botani-
cal Garden’s Tropicos 2 database, the most comprehen-
sive and widely consulted database on plants.

At the same time, the accelerating effects of habitat
reduction; the widespread and growing presence of alien
invasive species; the gathering of plants in nature for
personal use and commercial purposes; and global warm-
ing combined threaten to eliminate two-thirds or more of
all plant species during the course of this century. Fol-
lowing a call for increased efforts to conserve the world’s
plants at the 1999 International Botanical Congress in St.
Louis, a Global Strategy for Plant Conservation was ap-
proved within the Convention for Biological Diversity in
2002. The Global Strategy then established specific, am-
bitious goals for the preservation of plant diversity that
are intended to be met by 2010. The efforts made to real-
ize these goals are clearly having an important impact on
plant conservation throughout the world, starting with
our knowledge about the amount of diversity that exists.

Transgenic crops have now been grown on more than
1 billion acres (in aggregate) throughout the world,
amounting to approximately an eighth of the total culti-
vated land globally. More than a decade of experience
has demonstrated no damage related to the cultivation of
these crops, which have offered proven economic and
environmental benefits. Even more impressive gains are
in sight for the decades to come. Plants that exhibit im-
proved levels of cold, freezing, salt, and drought toler-
ance have been developed and are expected to improve
crop productivity in regions where it is limited by these
factors. Although investigations continue, there seems
little doubt that the intensive production of adequate
supplies of food on the least amount of land possible will
contribute a great deal to the preservation of biodiversity
at a time of maximum threat to its continued existence.

The appearance of the Millennium Ecosystem As-
sessment in 2005 demonstrated that human beings over
the past 50 years have degraded ecosystems more rap-
idly than any earlier time. These changes have allowed
major increases in human well-being but at the same
time rapidly diminished the benefits that future genera-
tions will be able to obtain from ecosystems. Achieving
the Millennium Development Goals will require signifi-
cant changes in policies, institutions, and practices, but
few nations seem ready to embrace these changes fully
and certainly they have not been accepted as a basis
for action here in the United States.

As scientists and informed citizens, we must give
the global situation our most serious attention. We live
in a more diverse world today than will ever exist again,
but our efforts will play a major role in shaping the con-
tours of that future world and the opportunities that its
citizens will enjoy. As botanists, we have a great deal to
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contribute, and exciting future discoveries await us in
all of the subfields of our discipline.
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ukanaskneli naxevari saukunis ganmavlobaSi botanika swrafad ganviTarda. uwin Znelad
warmosadgeni iyo is, rac axla viciT hormonebis moqmedebis, zrdis da botanikis bevri sxva
mniSvnelovani sakiTxis Sesaxeb. aq saubaria ramdenime RirsSesaniSnav axal aRmoCenaze. sxvadasxva
mcenaris genomebis sruli gaSifrva 2000 w. daiwyo. genomebis gamokvlevis Sedegad miRebuli codna
male SesaZlebels gaxdis mcenareTa evoluciis intensiur Seswavlas. amave dros, habitatTa mzardi
Semcireba, ucxo invaziuri saxeobebis farTo gavrceleba, mcenareTa Segroveba velur bunebaSi
piradi da komerciuli saWiroebisaTvis da globaluri daTboba safrTxes uqmnis mcenareTa yvela
saxeobis ori mesamedis an metis arsebobas am saukuneSi. rogorc mecnierebi da gaTviTcnobierebuli
moqalaqeebi, valdebulebi varT globalur viTarebas udidesi yuradRebiT movekidoT.
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