EVOLUTION

For Island Lizards, History Repeats Itself

It is one of evolutionary biologists’ favorite
thought experiments: If one could start with
similar organisms in similar environments,
would evolution repeat itself to produce the
same results?

Some biologists say no. They think that
even though organisms follow the rules of
natural selection, historical accidents play a
large role in their ultimate fate—who wins
and who goes extinct. In this view, we live
in the age of mammals in part because a 2
comet or asteroid happened to wipe out %
the dinosaurs. But other scientists have held £
that natural selection is powerful enough to g
shape organisms to similar ends, no matter %
what the vagaries of history. Now a natural
version of this experiment suggests that 2
selection is stronger than chance—at least 2
some of the time.

On page 2115, evolutionary ecologist §
Jonathan Losos of Washington University S
in St. Louis and his colleagues report that ~
anole lizards on four different islands inde-
pendently evolved into strikingly similar crea-
tures. Although examples of convetgent evolu-
tion, such as wings on bats and birds, are well
known, “what’s remarkable here is the degree
of similarity that has evolved on all four of the
islands,” says Douglas Futuyma of the State
University of New York, Stony Brook. Many
evolutionary biologists welcome the finding.
“People have been arguing this for a long time,
and I think the case is finally solved,” says
evolutionary ecologist Dolph Schluter at the
University of British Columbia.

Dozens of species of anole lizards thrive on
the islands of the Greater Antilles—Cuba,
Hispaniola, Jamaica, and Puerto Rico—and
these relatively isolated island ecosystems of-
fer a good place to test theories of evolution.
“It’s the natural equivalent of a replicated ex-
periment,” says Futuyma.

In the 1970s, evolutionary biologist
Ernest Williams of Harvard University was
the first to notice that lizards from different
islands living in similar environments also
look similar. Anoles that live in the tops of
trees, for example, have large toe pads and
short legs, while anoles that live on the
ground have long, strong hindlegs. Williams
divided the dozens of species into six
“ecomorphs” and theorized that these forms
had arisen independently on each island, but
he had little genetic data to back his claim.

Losos and his colleagues from Washington
University, the National Museum of Natural
History in Washington, D.C., and the Insti-
tute of Ecology and Systematics in Havana,
Cuba, have now tested Williams’s ideas. To
establish that the ecomorphs are distinct
groups, the team measured six characteristics
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Déja vu. Twig-dwelling lizards from
Hispaniola (right) and Cuba (below)
independently evolved short legs and
tails; ground dwellers from Hispaniola
(lower right) and Cuba (lower left)

separately acquired long legs and tails.

that are linked to habitat, including mass, size
of toe pads, and length of body, tail, and legs,
in about a dozen lizards from each of 46 spe-
cies. Williams’s ecomorphs held up—each liz-

ard species was indeed
most like those living
in an identical habitat
on other islands.
Next, the team ana-
lyzed mitochondrial
DNA from 55 species
to determine the relationships among the liz-
ards. They found that members of the same
ecomorphs on different islands are only dis-
tantly related, while species from the same is-
land are closely related. They conclude that
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although the original lizard immigrants were
likely different for each island, similar evolu-
tionary pressures shaped them into similar eco-
morphs. “There are certain ways a lizard can
make a living on these islands,” Losos says. “In
this case, the power of natural selection is so
strong that it overwhelms any differences
between the islands and what has gone on
,, there before,” or what lizard
g began the process. In Cuba,
E for instance, so-called trunk-
% crown dwellers seem to have
£ arrived first, while twig-
8 dwellers were the first to in-
< habit Jamaica. “It’s incred-
ible,” says Schluter. “It’s al-
@ most as though you start from
8 different beginnings and end
< up in the same place.”

But not everyone is com-
pletely convinced. While she praises the
work, evolutionary biologist Joan Rough-
garden* of Stanford University notes that
in the Lesser Antilles, which stretch from

Puerto Rico to Venezuela, the lizards
2 have evolved several alternative ways
3 of dividing their territory.
Futuyma also points out that the
£ natural experiment didn’t produce
£ exactly the same results on every is-
8 land. Two ecomorphs are missing
9 from Jamaica and one from Puerto
" Rico. Losos does not deny that

chance still has a heavy hand. But,
says Schluter, it seems that at least in some cases
“history can repeat itself over and over.”

—~Gretchen Vogel

* formerly Jonathan. See http/lizard.stanford.edu

Double Helix Doubles as Engineer

A marriage of optics and electronics could
produce a new generation of computers many
times faster than today’s. But like many unions,
this one is threatened by some serious incom-
patibilities. Many of the best lasers, detectors,
light modulators, and other optical devices are
made from semiconductors such as gallium ar-
senide and indium phosphide, whereas con-
ventional electronic devices are made of sili-
con. As a result, the two kinds of devices have
to be made separately, then mated. Although
integrating one or two devices is relatively
easy, assembling hundreds, thousands, or mil-
lions into a single array would defeat conven-
tional “pick-and-place” technology.

Now, a team of researchers at the Univer-
sity of California, San Diego (UCSD), and
Nanotronics Inc., also in San Diego, has
come up with a novel way to create these
hybrid devices. Like so much of the mating
game, it involves DNA, which in this case

serves as a selective glue for sticking the de-
vices to the surface of the chip. Described at
a meeting of the International Society for
Optical Engineering early this year in San
Jose, California, the work has intrigued ex-
perts in the field. Electrical engineer Joseph
Talghader at the University of Minnesota,
Minneapolis, for example, calls it “an excit-
ing technique and one that merits a great
deal of future work.”

A strategy developed by Talghader and oth-
ers was actually the starting point for the San
Diego team, which is led by UCSD’s Sadik
Esener. In the earlier technique, known as flu-
idic self-assembly, the optical devices are fabri-
cated as geometric shapes (“pegs”) that can
then slot into similarly shaped “holes” etched in
the silicon substrate. The pegs are suspended in
a liquid and spilled out over the substrate, with
luck sliding into the right hole and sticking
there thanks to weak van der Waals forces.
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The San Diego researchers were looking
for a way to help the right peg find its hole,
and they settled on DNA. The chemical
bases that make up DNA—cytosine, gua-
nine, adenine, and thymine—will bind to
each other only in particular pairings: C with
G and A with T. Hence, a single strand made
up of the bases ATTTGC will bind strongly
with its complementary strand, TAAACG,
and not with any other sequence.
The researchers set out to exploit
this selectivity by attaching short
complementary strands of DNA to
the pegs and substrate to help the

In their first experiment, the beadi&' b o ™ %‘ >
team coated a substrate with a par- : :’!\z
ticular short strand of DNA. They < g i
then covered parts of the substrate A e RN g e
with a mask and exposed it to ultra- bl s el e LR

violet light. The light chemically
altered the DNA in exposed areas
so that it could no longer bind to
complementary strands. The re-
searchers then coated some microbeads—
which acted as dummy devices—with strands
of DNA complementary to those on the
substrate. When a fluid carrying the coated
beads was splashed over the substrate, the
beads successfully bound only to those areas
that had not been exposed to UV light. One
drawback of the technique is that it worked
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devices find their correct positions. ~ Micro-

Coated silicon substrate

Nature’s glue. DNA strands bind beads and substrate together.
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only for small devices, several hundred mi-
crometers across, that would flow easily and
not block other devices.

In a second experiment, designed to show
that several varying kinds of “devices” could be
deposited at once, the group used masks to
deposit four different types of DNA strands
onto a substrate and then attached comple-
mentary strands to four different fluorescent

Microbead

DNA strands
o

molecules. When the labeled molecules were
splashed onto the substrate, the pattern of fluo-
rescence showed that they had bound only
to the appropriate regions of complementary
DNA. In a real system, this would mean that
four completely different types of devices could
be attached to many selected sites on a chip.
The researchers realize, however, that just

providing the glue is not going to be enough.
They are now looking for more active ways to
guide the'devices to their correct positions.
One possibility is to add extra chemical groups
to the DNA on the devices to give them an
electric charge, then create electric fields on
the substrate to attract the charged devices
to “landing sites.” The team is also inves-
tigating other techniques, such as creating
currents in the fluid that
would sweep the tiny de-
vices to the right places.
An even bigger chal-
lenge will be creating an
electrical connection be-
tween the devices and their
host semiconductor. The
team is looking at the possi-
bility of putting the DNA
glue on the top of devices
and bonding them, upside
down, onto a dummy sub-
strate. Once all the devices
are in position, the dummy
could be flipped over and pressed down on the
real substrate. The substrate might be coated
with molten solder, which would add an elec-
trical bond to the mass marriage.
~Sunny Bains

Sunny Bains is a science writer based in the San
Francisco Bay area.

Weighing DNA for Fast Genetic Diagnosis

The modern doctor’s little black bag, al-
ready overflowing with high-tech diagnostic
devices, may soon have to make room for
another advance. To diagnose a disease,
judge future risks, or design a treatment,
doctors will one day want to know which
disease-related genes a patient carries. And
they will want this diagnostic verdict to be as
fast and accurate as a cholesterol or blood
chemistry test today. As Charles Cantor, di-
rector of Boston University’s Center for Ad-
vanced Biotechnology, puts it: “You need a
detection system that can identify the gene
sequences that you are looking for with high
specificity, quickly, and in large volumes.
The best analytical tool for doing this,” he
adds, “is mass spectrometry.”

Borrowed from chemistry, this technol-
ogy is a sharp departure from current meth-
ods, which identify a gene sequence by allow-
ing it to bind to a matching probe, either on
a gel or a chip. Instead, a mass spectrometer
vaporizes the DNA and accelerates the mol-
ecules through a vacuum chamber with the
help of an electric field. Tiny differences in
the time it takes the DNA fragments to reach
the detector reveal small differences in their
mass, and hence their sequence.
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The basic technique used for biomole-
cules is one with an unwieldy name, matrix-
assisted laser desorption/ionization—time-of-
flight mass spectrometry, but a harmonious
acronym, MALDI-TOF. It is now a decade
old, but recent improvements have made it
a hot commodity among companies
hoping to commercialize DNA analysis.
“With today’s technology, MALDI-
TOF can analyze hundreds of DNA
samples ... in a matter of a few min-
utes,” says Daniel P. Little, who di-
rects mass-spectrometry development
at Sequenom Inc., a San Diego—based
company hoping to be generating di-
agnostic products within 6 months.

The standard way to distinguish
different variants of a gene is to chop
the DNA into fragments, separate them
on a gel, and apply probes labeled with
fluorescence or radioactivity, which
bind to fragments with a particular
sequence and light them up. But the
process is slow and the gels can be hard
to interpret. Newer techniques embed
an array of different DNA probes on a
single chip, allowing researchers to test
for many gene variants at once. These

so-called DNA chips can screen DNA quickly.
But, as Cantor explains, the probes sometimes
bind to sequences they don’t completely
match, which can limit the chips’ accuracy.
Mass spectrometry may combine the DNA
chip’s speed with exquisite accuracy. The
technique has long offered chemists a fast way
to sort small molecules that vaporize naturally

All in the timing. A mass spectrometer sizes up DNA
by vaporizing and ionizing it, accelerating the mol-
ecules, and recording their arrival times at a detector.
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