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New home for tiny aquatics

Else Marie Friis and Peter Crane

A shake-up of current thinking about the evolution of the angiosperms — the flowering plants —is a
consequence of the relocation of a hitherto obscure branch on the angiosperm evolutionary tree.

Many new constellations in the angiosperm
evolutionary tree have come to light as rela-
tionships within the flowering plants have been
explored using molecular analyses"*. Some of
these changes were not unexpected. But others
have resulted in fundamental reinterpretations
of angiosperm evolution™.

On page 312 of this issue, Saarela et al.’
report one of the most striking realignments
required so far. They find that the diminu-
tive, moss-like, aquatic plants Hydatella and
Trithuria, which are members of the family
Hydatellaceae and were thought to be mono-
cots close to grasses, are actually the closest
living relatives of water-lilies and their allies
(Fig. 1). This new-found position for the Hyda-
tellaceae, near the point at which water-lilies
(order Nymphaeales) diverged from other
flowering plants, could scarcely be more atten-
tion-grabbing. On the evidence of Saarela and
colleagues’ analyses’, and given other gener-
ally accepted relationships at the base of the
angiosperm evolutionary tree™’, only a single
angiosperm species, Amborella trichopoda,
diverged from other flowering plants below
this point.

But is this new discovery simply a minor
matter of phylogenetic tidying up? After all,
the Hydatellaceae are a small family; their
position has long been uncertain®; and the
unexpected is bound to crop up when relation-
ships in a group the size of flowering plants
(some 350,000-400,000 extant species) are
looked at more carefully.

At one level, as Saarela et al.’ point out,
repositioning of the Hydatellaceae conforms
to, rather than overthrows, current ideas of
relationships among the extant representa-
tives of early angiosperm lineages. These ideas
have come to look increasingly secure, as more
genes and more plants have been incorporated
into molecular phylogenetic analyses. The
Hydatellaceae associate with the Nymphae-
ales based on the new molecular data, and the
relationship seems to be well corroborated.
Many of the morphological characteristics of
the Hydatellaceae, at least in so far as they are
known, also make more sense in the context of
the Nymphaeales than in the context of grasses
and their relatives. And it is convenient that the
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Figure 1| A new branch near the root of the angiosperm evolutionary tree. Amborella remains the
sister group to all other flowering plants, but the Hydatellaceae join the Nymphaeales (water-lilies)

as the next diverging subsidiary branch of the tree. This new alignment’ raises questions about the
origin of classic bisexual flowers in the Nymphaeales and other angiosperms. The unisexual flowers of
Hydatellaceae — with male and female flowers consisting of a single organ only (stamen and carpel,
respectively), aggregated in dense unisexual or bisexual inflorescences — contrast with the solitary,
bisexual flowers of the Cabombaceae, represented here by Cabomba, which were previously regarded
as the basic condition in the Nymphaeales. More generally, simple and often unisexual flowers occur
among several early-diverging angiosperm lineages, for example in the Trimeniaceae (Piptocalyx,
Trimenia) and Chloranthaceae (Sarcandra, Hedyosmum), as well as early-diverging eudicots (Buxus).
But whether this simplicity reflects the basic phylogenetic condition or ecological adaptation is an
open question. Flowers of Amborella are also small, and functionally unisexual, but female flowers
have staminodes, indicating a basic bisexual organization. In this situation, interpretations of character
evolution depend on the position of the root of the phylogenetic tree, and may also be sensitive to the
addition of new taxonomic groups. Infl, inflorescence (flower cluster). (Drawings by P. von Knorring.)

Hydatellaceae, as a family of aquatic plants, link
to the Nymphaeales rather than to the other,
mainly woody, plants that make up the root of
the angiosperm evolutionary tree. In this posi-
tion they do not further complicate ideas about
the evolution of life in an aquatic habitat.

For other traits, however, repositioning the
Hydatellaceae raises questions that add to an
already long list of unresolved issues in early
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angiosperm evolution, particularly with regard
to features that are perhaps too easily inter-
preted as ‘reduced, ‘lost’ or ‘absent’ At some
point it may become more straightforward to
infer that some early angiosperms never had
certain features, rather than had them and then
lost them.

For example, does the seemingly simple
floral morphology of the Hydatellaceae reflect
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Figure 2 | Trithuria — not previously on the radar
screen of most specialists.

‘reduction; or might it represent an early ‘pre-
floral’ stage of angiosperm evolution in which
the classic bisexual flower, with its whorls of
three or more different organs, was not yet fully
formed? Flowers of the Hydatellaceae — along
with those of other early-diverging angiosperm
lineages (for example, fossil and living Hedy-
osmum’ and other members of the Chlor-
anthaceae) — could hardly be more simple
(Fig. 1). Itis possible, in the case of the Hydatel-
laceae, as well as Ceratophyllum and perhaps the
fossil Archaefructus®’, that the simple flowers
reflect loss of floral parts associated with life in
a submerged habitat, as has happened in other
aquatic angiosperm lineages. But here, near the
base of the angiosperm phylogenetic tree, it
is difficult to be sure whether floral simplicity
signals ecological adaptation or the basic phylo-
genetic condition. Ifit is the latter, it would have
profound implications for ideas on the early
evolution of the classic angiosperm flower.

It will take some time to digest all the impli-
cations of suddenly introducing a new plant
family into discussions of early angiosperm
evolution. Hydatella and Trithuria (Fig. 2) have
not been on the radar screen of most special-
ists working on the subject, and there are many
pieces of this puzzle still to work out. Certainly,
repositioning the Hydatellaceae as the closest
living relatives to the Nymphaeales will dramati-
cally influence ideas about the early evolution
of water-lilies and their allies, and it will modify
important details of character evolution at the
base of the angiosperm tree. Whether it will
also affect the rooting of the angiosperm tree
asa whole, perhaps in ways that would displace
Amborella to aless prominent position, remains
to be seen. Identification of angiosperm precur-
sors in the fossil record would probably have an
even greater impact.

It is also relevant that several species of
Hydatellaceae have been described only in
the past 25 years. It seems likely that more will
come to light, and there may also be revela-
tions among the several hundred plant species
that are described as new to science every year.
Examples such as the Hydatellaceae, and the
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Australian conifer genus Wollemia" discov-
ered a little over a decade ago as a ‘living fossil,
illustrate the inadequacy of our knowledge of
plant diversity at a time when so much is being
destroyed or is under serious threat.

Hydatella and Trithuria will inevitably be the
subject of detailed investigation in the com-
ing years. But whatever the outcomes of these
studies, the radical realignment discovered by
Saarela et al.’ should remind us not to become
too comfortable with the current picture of
early angiosperm relationships, and especially
with the details of character evolution that
they imply. There will be more surprises as
new plants are added to the mix. They will
come not just from our gradually improving
knowledge of living plants, but more espe-
cially from our exploration of the riches of the
plant fossil record — both for early angiosperms
and for their elusive relatives among other
seed plants. ]
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PHYSICAL CHEMISTRY

The peripatetic proton

James T. Hynes

The way in which protons are transferred between acids and bases has
been known in general terms for decades. But the details of the process
are complex, and only now is the full proton itinerary becoming clear.

Proton transfer is a headline player in many
arenas of chemistry and biology. To name just
a few, the process lies at the heart of the chem-
istry of acids and bases in solution, the work-
ings of enzymes, and transport mechanisms in
biological membranes and photosystems"*. A
broad-brush picture of how protons are trans-
ferred between acids and bases in aqueous
solution was painted in the 1950s and 1960s,
in classic work by Eigen®’ and Weller’. Writing
in Angewandte Chemie International Edition,
Mohammed et al.” enlarge that picture and
add more detail. They build on earlier, related
experiments of their own and those of others
to show how modern, ultra-rapid techniques
can illuminate the myriad, sometimes indirect,
molecular pathways between acid and base
that a proton can follow.

An acid is a substance that likes to donate
protons; a base is a substance that is inclined
to accept them. Mohammed et al. used laser
excitation to ‘trigger’ the departure of a proton
from the light-sensitive acidic molecule pyra-
nine. This acid can be written ROH, where R
is an organic group and OH a hydroxyl group.
As a proton is simply a hydrogen atom stripped
of its electron, its progress can be tracked by
identifying, through spectroscopy, where the
‘H’ appears in the chemical products of the
subsequent reactions.

Using ultra-fast infrared vibrational
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spectroscopy as a structural probe, the
authors could in their experiments recon-
struct the dynamics of the proton’s entire
voyage — from its departure from ROH,
leaving behind the base RO 7, to its ultimate
destination, a negatively charged base mol-
ecule, denoted B ™. This base molecule is actu-
ally a trichloroacetate anion, “OOCCCI,, to
which the proton attaches itself to produce
a carboxylic acid, or BH in our notation.
Different concentrations of the base, from
1to 3 mol1™", helped the authors to unravel the
exact proton-transfer dynamics.

The authors’ first significant finding’ is that
infrared bands characteristic of absorption by
RO™ are observed on a timescale of less than
150 femtoseconds (1 femtosecond is 107" s)
after the initial laser excitation. These are not,
however, immediately accompanied by the
appearance of any absorption band corre-
sponding to BH. Indeed, at a B~ concentra-
tion of 2 mol 171, protonation to form BH is
incomplete even after 700 picoseconds — more
than 1,000 times longer than it takes for ROH
to be deprotonated.

So where is the proton in the meantime?
Making intermediate stops at water molecules,
say Mohammed and colleagues. They observe
a signal indicating the presence of hydronium
ions, H;O ™, on the same short timescale as the
RO ™ absorption band. They argue that this
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