INTRODUCTION

Stepping Away From the Trees
For a Look at the Forest

Science’s news staff takes a break from reporting to review some big ideas of the past
10 years and the technologies that made them possible

TEN YEARS AGO, KARL DEISSEROTH WAS
stuck. A psychiatrist and neuroscientist, he
wanted to learn how different brain circuits
affect behavior—and what went awry in the
brains of his patients with schizophrenia
and depression. But the tools of his trade
were too crude: Electrodes inserted into the
brain would stimulate too many cells in their
vicinity. So in 2004, Deisseroth and his stu-
dents invented a new tool. They inserted a
gene for a light-activated algal protein into
mice brains, where it entered nerve cells.
By stimulating those cells with a laser, the
researchers could control the activity of spe-
cific nerve circuits with millisecond preci-
sion and study the effects.

The technique, called optogenetics, took
the field by storm. Today, thousands of sci-
entists in hundreds of labs are using opto-
genetics to probe how brains work. They have
examined which cells in the brain’s reward
pathway get hijacked by cocaine, and how
deep brain stimulation relieves the symptoms
of Parkinson’s disease. The list of questions
that can now be addressed is endless.

Deisseroth’s story repeats itself every-
where in science: An ingenious new tool
triggers a cascade of new insights. In this
special section, Science’s news reporters and
editors mark the end of the current decade
by stepping back from weekly reporting to
take a broader look at 10 insights that have
changed science since the dawn of the new
millennium. This survey covers only a small
fraction of the decade’s scientific advances,
of course; many others could have filled
these pages.

First, however, a shout-out to some of
the tools that made those insights possible.
In the past 10 years, new ways of gather-
ing, analyzing, storing, and disseminat-
ing information have transformed science.
Researchers generate more observations,
more models, and more automated experi-
mentation than ever before, creating a data-
saturated world. The Internet has changed
how science is communicated and given
nonscientists new opportunities to take part
in research. Whole new fields, such as net-
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work science, are arising, and science itself
is becoming more of a network—more
collaborative, more multidisciplinary—
as researchers recognize that it takes many
minds and varied expertise to tackle complex
questions about life, land, and the universe.

Seeing and sensing

Many of the decade’s most useful new tools,
like optogenetics, were advances in sens-
ing and imaging. Cryoelectron tomography
brought into focus the cell’s components,
allowing scientists to get atomic-level detail
of whole-cell organization. The technique
builds up a three-dimensional image from a
series of two-dimensional slices of a flash-
frozen cell, a computer-intensive process.

In 2002, intravital scanning two-photon
confocal microscopy revolutionized immu-
nology when it was applied to lymph nodes,
showing immune cells in intact tissue in real
time. The work opened the door to under-
standing the interactions among immune
cells and the body and changed how research-
ers thought about immune responses.

Developmental biology has also made
huge leaps since 2000 thanks to new micros-
copy techniques. Now researchers can keep
samples alive and have longer-lasting fluo-
rescent tags to track specific cells. They can
follow whole-organ and whole-animal devel-
opment in movies that follow cells as they
divide and move around. Other microscopy
techniques have been able to sidestep a fun-
damental limit of optics to look at proteins
and the fine structure of cells smaller than the
diffraction limit—half the wavelength of the
light being used.

Not only can we see better, but we can
also send our eyes to hard-to-reach places.
On Mars, for example, the Spirit and Oppor-
tunity rovers marked a big step up from ear-
lier spacecraft: able to roam for kilometers
instead of meters and carrying more capa-
ble instruments to analyze the chemical and
physical properties of rock. Their observa-
tions rewrote the history of water on Mars.
Closer to home, torpedolike robots with
no connection to the surface searched for
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Emphasizing connections. Thanks to computers, the Internet, and new ways of looking at links among
everything from genes to people, network science is flourishing.

oil in the Gulf of Mexico and explored the
water under glacial ice shelves in Antarctica.
Remotely operated planes, some the size of
model airplanes and some the size of military
Predators and Hawks, routinely monitor sun-
light passing through clouds and fty over hur-
ricanes. Thousands of oceangoing floats send
back data on water properties and, therefore,
currents. These mobile sensing devices, along
with stationary counterparts on land and in
the sea, will soon monitor the state of the
planet around the clock, making ecology and
environmental science almost as data-rich as
astronomy and particle physics are.

The indispensable machine

Key to handling such unprecedented tor-
rents of data, of course, have been ever more
powerful and more affordable computers.
No field has benefited more than genom-
ics. A decade ago, sequencing a human
genome took years, hundreds of people,
hundreds of machines, and endless hours of
sample preparation to generate the pieces of
DNA to be deciphered, one at a time. Some
researchers favored a shotgun approach—
cutting up whole genomes, then sequencing
and assembling them all at once—but avail-
able computers weren’t up to the task. Pro-
ponents had to build a massive supercom-
puter and laboriously program it for the job.
Now whole-genome shotgun is de rigueur,
and efficient software abounds. In the past
S years, new “next-generation” sequenc-
ing technologies have streamlined the work
even more. Today, a single machine can
decipher three human genomes in little
more than a week.

www.sciencemag.org SCIENCE VOL 330

Sequencing is getting so cheap that
researchers are using it to study gene expres-
sion and protein-DNA interactions on an
unprecedented scale. Geneticists now depend
on sequencing to track down the genetic
causes of rare diseases. In 2008, 10 countries
set up the International Cancer Genome Con-
sortium, which aims to catalog mutations and
other DNA and epigenetic changes for about
50 types of cancer by sequencing part or all of
25,000 genomes.

Computers aren’t limited to piecing
genomes back together. With their help,
genomics researchers predict gene locations
and compare, say, chimp and human genomes
to identify sequences of evolutionary
importance—deriving new insights about
how genomes work. The Web has served as
a vital link between researchers and publicly
accessible databases of genome information.

In biochemistry, computer technology
has led to huge strides in understanding pro-
teins. To help with the calculations needed
to model the jumps and squiggles proteins
make as they fold into their “final” shape,
scientists beefed up their hardware with
graphics processing units used to render 3D
images in video games.

Computational chemistry also got a
boost from field programmable gate arrays:
chips that allow users to essentially design
their own hardware to streamline their simu-
lations. And one research team built a super-
computer with customized integrated cir-
cuits that dramatically speed protein-folding
calculations, allowing simulations on the
time scale of milliseconds.

In some cases, computing power is trans-

Published by AAAS

SPECIALSECTION

forming the basic way researchers work
together. In astronomy, for example, the
Sloan Digital Sky Survey is cataloging every-
thing that can be seen in a fifth of the sky
using a 2.5-meter telescope at the Apache
Point Observatory in New Mexico. Research-
ers will tap into the masses of data over the
Web. Similar “data utilities” are business as
usual in particle physics and seismology, but
they are a far cry from the way small teams of
observers have divided up telescope time in
the past. Europe’s CERN laboratory has gone
even further. To handle the petabytes of data
its Large Hadron Collider (LHC) will gener-
ate every year, CERN has set up a computing
“grid” system—a virtual organization that
pools and shares the computer processing
power of each member institution. The grid
also makes it possible for thousands of scien-
tists to access LHC data and work together in
unprecedented ways.

Other organizations are harnessing
the power of networking through crowd-
sourcing, in which large numbers of
researchers (even nonscientists) can con-
tribute to solving problems, setting policy,
or forecasting the future. An Internet com-
pany called InnoCentive, for example, posts
problems online and offers rewards of up to
$1 million for their solution. It boasts that
200,000 people have weighed in on more
than 1000 problems in fields as wide-rang-
ing as drug synthesis and brick manufacture
and have solved two-thirds of them.

Networking programs also enable volun-
teers around the world to donate idle time
on home computers for protein-folding cal-
culations, to search for comets in images
from the SOHO satellite, and to classify
galaxy types in data from the Sloan Digital
Sky Survey.

To get a handle on all this interconnect-
edness and grasp the ways information trav-
els through complex systems, theorists have
spawned a new field called network science.
The field took off about 10 years ago, after
physicists developed mathematical models
to explain some of the network phenomena
sociologists had observed. Now, thanks to
technologies that make possible measure-
ments on thousands of genes or proteins at
once and to computers that can track and
analyze the movements, voting habits, or
shopping preferences of millions of people,
the network approach is bursting into full
flower. A host of new insights are bound to
lie just ahead.

But that is a tale for another decade.
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