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hat is a wasp?” might seem like an overly simple question for a Ph.D. biologist to be asking.
“What is a human?” Even more so.
But these are strange times in the life sciences. Seth Bordenstein of Vanderbilt University in Nashville
now embraces the notion that each wasp he studies, each
squirrel darting around campus — not to mention himself, every reader of science magazines and every other
representative of see-it-without-a-microscope life
on Earth — is really a blend of one big organism and
a lot of little ones.
In recent years, research has shown
that what people commonly
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think of as “their” bodies contain roughly 10 microbial cells Gut buster Tsetse flies must be infected during gestation with
for each genetically human one. The microbial mass in and a particular bacterium in order to develop a normal gut lining (left).
Lab-raised larvae that were bacteria-free developed faulty guts (right)
on a person may amount to just a few pounds, but in terms of and weak immune systems that made them much more vulnerable
genetic diversity these fellow travelers overwhelm their hosts, to infection by the parasite that causes sleeping sickness.
with 400 genes for every human one. And a decent share of
Normal
Faulty
the metabolites sluicing through human veins originates from
some microbe. By these measures, humanity is microbial.
But numbers are just the beginning. The evolutionary impact
of animals’ microbial denizens can be substantial. Adult wasps
of the genus Nasonia are only about 30 percent microbial,
Bordenstein estimates. But those microbes keep two species
apart that could otherwise interbreed.
from four colonies of turtle ants, Moreau says, 445 kinds of
Some researchers think of these microbes as just another bacteria showed up that cultures and clunkier genetic techpart of a plant or animal’s environment, like a mountain range niques had missed. Eight kinds of bacteria consistently show
that keeps two related species separate. But, with a squint and a up in the guts of honeybees and a few other bees, but so far,
slap to the worldview, researchers like Bordenstein are explor- nowhere else. Bedbugs need Wolbachia bacteria inside their
ing whether a body’s microbes are so intimate that they’re part cells to survive.
of the organism itself. Or, if you prefer, the metaorganism.
And bacteria may at last explain how the giant panda, a
“Ecosystem” is the word that 26 scientists used in a call for bamboo-eating member of the mammalian order Carnivora
new thinking about animal-bacteria interactions that was pub- without a grass-grazer’s capacious fermenting gut or specialist
lished in February by the Proceedings of the National Academy digestive enzymes, can live on 12.5 kilograms of highly fibrous
of Sciences. The recent accumulation of knowledge about bac- plant material a day. The bear’s puzzling digestive system turns
teria vis à vis their animal hosts “is fundamentally altering our out to gurgle with bacteria that apparently belong to groups
understanding of animal biology,” the group declared.
that include competent digesters of cellulose.
Why would biologists get so excited about teeming microorganisms now? Even someone who missed the earliest Born with it
fiddling with magnifying lenses has had 330 years to catch up Bacteria start shaping their hosts’ lives right from the beginon volume 14 of the Royal Society’s Philosophical Transactions, ning. In tsetse flies, for example, inheriting genes from mom
wherein merchant microscopist Antonie van Leeuwenhoek isn’t enough; larvae that don’t also inherit the right kind of
reported “to my great surprise,” that wateredbacteria don’t grow properly.
down scrapings from his teeth revealed “very
The way tsetse flies start their lives “is
many small living Animals, which moved
eerily similar to what happens in mammals,”
themselves very extravagantly.”
says Brian L. Weiss of Yale University. In most
For more than three centuries after
insects, “the female will just lay a bunch of
van Leeuwenhoek’s discovery, anyone intereggs and fly away.” Tsetse females, however,
Microbial cells for
ested in studying the microbial world was
gestate one fertilized egg at a time inside what
each human cell in body
limited by the frustrations of “growing fuzzy
amounts to a uterus. Glands inside the uterus
things in Petri dishes,” as Corrie Moreau of
produce a white milklike liquid rich in fats and
the Field Museum in Chicago puts it. A fasproteins. After suckling for its first three larval
cinating microorganism might thrive in the
stages, the youngster weighs about as much as
gills of deep-ocean clams, in groundwater
its mother. Then she gives birth.
seeping through porous rock or in the gonads
Gorging on mother’s milk doses the infant
Microbial genes for
of mosquitoes. But if you couldn’t culture it in
with a Wigglesworthia bacterium, which Weiss
each human gene in body
a lab dish you had no way of knowing about it.
describes as looking like a hot dog. WigglesEven with clever technical advances, an estimated 99 percent worthia can live only inside a tsetse fly, and flies deprived of
of microbial life can’t be cultured, Moreau says. And what does it don’t give birth.
grow may be misleading. A marginal freak may look like the
Weiss was able to deduce what Wigglesworthia does in develdominant member of a community only because it’s the one opment by dosing moms with B vitamins to artificially keep
that flourishes in the lab.
their bacteria-free larvae alive. The larvae grew up but never
Recent genomic innovations have changed all that. In the formed a decent immune system. Flies deprived of bacteria
last few years, automated systems have been developed to as larvae also failed to form a real gut lining, Weiss and his
quickly and affordably determine the genetic signatures of colleagues reported in April in PLOS Pathogens.
thousands of individual microbes in a sample.
A faulty gut lining in a tsetse fly is a serious problem,
What a world the new technology reveals: In just 19 samples and not just for the fl ies. Even though they’re famous for
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Voyager’s

TAIL

SOLAR WIND
The sun unleashes a continuous stream
of subatomic particles at more than
1.5 million kilometers per hour. This solar
wind permeates a radius of billions of
kilometers in all directions and inflates
the heliosphere. For some astrophysicists,
the solar system is defined by the presence of the solar wind.

Spacecraft’s journey to interstellar space
helps put the solar system in perspective

It’s finally official: Voyager 1 has become the first human-made object to enter
interstellar space, mission scientists report September 12 in Science. On August
25, 2012, the scientists say, Voyager 1 exited a giant invisible bubble called the
heliosphere that is inflated by a torrent of subatomic particles spewing from
the sun. Now the probe is surrounded almost exclusively by particles produced
by other stars. But whether it’s correct to say that the probe has left the solar
system depends on how you define the solar system. “From my perspective,
Voyager is nowhere near the edge of the solar system,” says planetary scientist Hal
Levison of the Southwest Research Institute in Boulder, Colo. The sun
continues to exert gravitational dominance out to hundreds of times the
distance of Voyager 1 from the sun, where trillions of icy pebbles, boulders
and comets orbit. In the last 36 years, Voyager has traveled an impressive
25.4 billion kilometers, but it still has a long way to go to unambiguously depart
the solar system. — Andrew Grant

TERMINATION SHOCK

HELIOPAUSE
Distance from the sun: about 122 AU
Until recently, Voyager 1 was traveling
within the heliosphere, bathed in a thin
mist of particles from the solar wind.
Voyager 1 passed through the boundary
between the heliosphere and interstellar
space, called the heliopause, last August.
But the border crossing was not cutand-dried: Astronomers expected the
magnetic field to change direction in
interstellar space along with the particle
population, yet the field has barely
budged. Theorists are struggling to
understand why.

NIcolle RageR FulleR

VOYAGER 1
Current distance from the sun: 126 AU
1 astronomical unit = 150 million
kilometers (Earth-sun distance)
Voyager 1 is now surrounded by a relatively thick fog of subatomic particles
produced in the far reaches of the galaxy.
some particles originated in supernova
explosions; others got blasted out of black
holes. By 2016 astronomers expect the
probe’s sibling spacecraft to pop through
the solar bubble. unlike Voyager 1,
Voyager 2 carries a working instrument to
measure the temperature and density of
the interstellar medium. Both probes have
enough plutonium power to communicate
with earth until about 2025.

Distance from the sun: about 90 AU
The solar wind gradually slows as it
cruises past the planets. About 13 billion kilometers from where that wind
originates, it slows down to about
350,000 kilometers per hour and generates a shock wave analogous to the
one produced when a jet crosses the
sound barrier. Voyager 1 reached this
shock wave, known as the termination
shock, in 2004. Beyond it, the solar
wind wanes as the gateway to interstellar space approaches.

THE PLANETS
KUIPER BELT
Distance from the sun: 30–100 AU
For much of the past quarter century,
Voyager 1 has been traversing this disk of
icy objects (including Pluto) that were not
incorporated into planets when the solar
system formed.

Distance from the sun: 5,000–100,000 AU
The sun, planets and Voyager probes sit inside the
tiny yellow dot at right, within a giant sphere
called the Oort cloud. This reservoir of trillions of
ice chunks extends 100,000 astronomical units
out, tethered to the sun by gravity. Astronomers
believe these objects got thrown out of the inner
solar system as the planets took shape 4.5 billion
years ago. Occasionally these castaways pass near
Earth: The comet ISON, which may light up the
night sky this November, started out in the Oort
cloud. The Voyagers would have to travel another
30,000 years before clearing this broadest definition of the solar system.
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Neptune’s distance from sun: 30 AU
The notion of the solar system as the sun
plus eight planets (or nine, depending on
your age) largely gets abandoned after
grade school. Voyager 1 passed Neptune’s
orbit in May 1987 and has since logged
14.2 billion kilometers.
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Gatefold feature
infographic to
explain what the
is considered the
edge of our Solar
System after the
NASA announcement
that Voyager 1
had passed the
Heliopause

The sun, planets and entire heliosphere
orbit the center of the galaxy at a brisk
83,000 kilometers per hour. In July NASA’s
Interstellar Boundary Explorer satellite
discovered that the sun drags behind it a
cometlike tail of subatomic particles (not
shown) that may stretch 10 times as far
from the sun as Voyager 1’s current position. The finding shows that the solar bubble is shaped more like an elongated bullet
than a sphere. Fortunately Voyager 1
trekked toward the leading edge of the
bubble, where the distance to interstellar
space is comparatively short.
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hen the president of the United
States makes a request, scientists
usually listen. Physicists created
the atomic bomb for President
Roosevelt. NASA engineers put men on the moon
for President Kennedy. Biologists presented their
first draft of the human genetic catalog to an
appreciative President Clinton.
So when President Obama announced an ambitious plan to understand the brain in April 2013,
people were quick to view it as the next Manhattan
Project, or Human Genome Project, or moon shot.
But these analogies may not be so apt. Compared with understanding the mysterious inner
workings of the brain, those other endeavors
started with an end in sight.
In a human brain, 85 billion nerve cells communicate via trillions of connections using complex
patterns of electrical jolts and more than 100 different chemicals. A pea-sized lump of brain tissue contains more information than the Library
of Congress. But unlike those orderly shelved and
cataloged books, the organization of the brain
remains mostly indecipherable, concealing the
mysteries underlying thought, learning, emotion
and memory.
Still, as with other challenging enterprises
prompted by presidential initiatives, success
would change the world. A deep understanding of
how the brain works, and what goes wrong when it
doesn’t, could lead to a dazzling array of treatments
for brain disorders — from autism and Alzheimer’s
disease to depression and drug addiction — that
afflict millions of people around the world.
That’s why President Obama threw his weight
behind the BRAIN Initiative, short for Brain
Research through Advancing Innovative Neurotechnologies (SN: 5/4/13, p. 22). The premise is
simple: Before doctors can fix the brain, scientists must first understand how it works. And to
understand how it works, scientists need tools
to study it. With $110 million of federal funding
in its first year, the BRAIN Initiative is intended
to spur scientists to develop new technologies
to measure and manipulate the brain. Eventually, if it is to join the list of presidential science
successes, the project will catalog all the brain’s
parts and processes, explore how cells and molecules create thought and behavior, and build
powerful new weapons for neutralizing the pathological enemies of the brain and mind.
Yet even aside from those scientific challenges, which are all huge in their own right,
the project faces many major logistical hurdles.

Manhattan Project
1942–1945
Goal: to develop
the world’s first
nuclear weapon,
an atomic bomb,
during world war ii
Cost:
$26 billion*
People involved:
>100,000

Apollo Program
1963–1972
Goal: to land
americans on the
moon before 1970
Cost:
$134 billion*
People involved:
>400,000

Human Genome
Project
1990–2003
Goal: to map out
the 3 billion
chemical “letters”
of Dna in the
human genome
Cost:
$4.6 billion*
People involved:
thousands

BRAIN Initiative
2014–?
Goal: to develop
new technologies
for mapping the
human brain’s cells
and circuitry;
discover the neural
and molecular basis
of learning, thought
and memory; and
develop methods
of prevention and
more effective
therapies for brain
disorders
Initial cost:
$110 million**
People involved:
not yet known
*In 2013 dollars
**Federal funding for 2014

It’s not clear, for instance, how various government agencies and private institutions
involved in the project will coordinate their
efforts. Nor is it clear how the BRAIN Initiative will relate to the European Union’s
$1.3 billion Human Brain Project. Some scientists say the BRAIN Initiative’s initial funding is
too paltry to make real progress and that future
funding is a political uncertainty.
Perhaps most unsettling, the BRAIN Initiative
has no definitive goal. Unlike mushroom clouds,
a collection of moon rocks or the software for a
human being, the BRAIN project envisions no
tangible result, many scientists say. “It isn’t clear
what victory will look like on this project,” says
Thomas Insel, director of the National Institute
of Mental Health in Bethesda, Md. “I think people
have to be comfortable with that.”
Despite these caveats, though, many neuroscientists appreciate that President Obama’s
announcement elevated the status of brain
research and captured the attention of their community. “When the president says it, people listen
up,” says Christof Koch of the Allen Institute for
Brain Science in Seattle. “I think that, by itself, is
a very important thing. It really shows that neuroscience has come of age.”

Ambitious goals
While the BRAIN Initiative’s objectives are hard
to express in concrete terms, the project is full of
visionary promise. “The ultimate goal is to understand who we are,” says Terry Sejnowski of the
Salk Institute for Biological Studies in La Jolla,
Calif. “How is it that our brain is able to look out
into the world and see things? How is it that we are
able to make decisions? How is it that we’re able
to coordinate enormous amounts of knowledge?”
The people charged with translating these esoteric goals into concrete action are beginning to
define their task more precisely. But there is no
consensus on how to proceed. With no central
organizing entity, the three government agencies
participating — the National Institutes of Health,
the Defense Advanced Research Projects Agency
and the National Science Foundation—interpret
the BRAIN Initiative’s mission in their own ways.
So do the private organizations involved, including the Salk Institute, the Allen Institute, the Kavli
Foundation and the Howard Hughes Medical
Institute’s Janelia Farm campus in Ashburn, Va.
The NIH, which is putting up $40 million in
funding for fiscal year 2014, has taken a methodical approach by first appointing a committee of
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an image taken in
september by the
stereO spacecraft
shows the sun in a state
of relative serenity
compared with past
solar maxima.

att Penn is grateful for whatever the
sun will give him. These days, that
isn’t much. Penn’s job, as a solar
astronomer, is to track the waxing
and waning of sunspots on the solar surface. These
dark blots mottle the face of the sun, increasing in
number to a peak every 11 years and then falling
off again in a rhythmic march choreographed by
magnetic activity inside the star.
2013 marks the maximum of this solar cycle,
yet Penn doesn’t have very much to look at. Atop
Kitt Peak outside Tucson, Ariz., he often points his
telescope at a barren orange orb. “Where are the
sunspots?” he asks. “It’s amazing to see such low
activity at the peak of our sunspot cycle.”
By almost any measure, this solar maximum
has been pathetic. No more than 67 sunspots
have appeared in a month so far; at the last
peak, in 2000, that number was above 120. If the
sun doesn’t pick up soon — which it probably
won’t — the current solar cycle will be the wimpiest in a century.
But a quiet sun is not necessarily a boring sun.
The current cycle is “the weakest in the space age,
but it’s not so different from the turn of the 20th
century,” says Giuliana de Toma, a solar physicist
at the National Center for Atmospheric Research
in Boulder, Colo. “It’s interesting for scientists
because now we have instrumentation we didn’t
have 100 years ago. We have not observed a weak
cycle like this one.”
In fact, the sun’s slumbers are helping scientists
better understand our nearest star. Among other
things, solar physicists are learning how superheated gas, flowing from the sun’s equator to
its poles, carries magnetic disturbances that
help determine how strong the next solar cycle
will be. That information may help researchers
better predict what the sun’s future holds.
Today, that’s anyone’s guess. Some, like Penn,
argue that the sun could be headed for a long-term
decline, similar to a period in the late 17th century that saw hardly any sunspots and coincided
with the “Little Ice Age” that froze rivers across
Europe (though most scientists don’t think low
solar activity caused the cold snap).
Other researchers say there’s little evidence for
a slide into solar somnolence, and suggest that in
this particular cycle the sun could still unleash
monster storms of energetic particles before it’s
done. That potential for sudden violent outbursts
makes it important to learn about the sun even
while it is in a quiescent phase.
However it ends, the current solar cycle will

go down in the annals of astronomy as one of the
most illuminating yet.

Seeing spots
Scientists want to understand the sun’s activity
patterns because they can dramatically affect life
on Earth. At or around solar maximum, the sun is
more likely to hurl clouds of charged particles off
its surface and occasionally toward Earth. When
one of these solar eruptions hits the planet’s protective magnetic shield, most of the particles
get funneled down toward Earth’s polar regions.
There they collide with atmospheric particles
and produce the eerie glow of the northern and
southern lights. Occasionally, though, the magnetic storms are powerful enough to fry satellite
electronics and interrupt electricity grids on the
ground. In 1989, a solar storm famously zapped a
power grid in Quebec and turned the lights out on
6 million people.
All of this solar action traces back to the magnetism roiling the sun’s guts. Electrical charges
flowing through the star generate strong magnetic fields. Like Earth, the sun has a north
magnetic pole and a south magnetic pole. But
unlike Earth’s, the sun’s magnetic poles flip every
11 years or so, just as the sunspot number is peaking. Over a period of weeks to months, what
was the north magnetic pole becomes the south
magnetic pole, and vice versa. The flip may be
underway right now, says Todd Hoeksema, a
solar physicist at Stanford University.
Magnetic fields also help explain the presence
of sunspots. These are dark regions, sometimes
as big across as Earth, where powerful magnetic
fields loop from deep in the sun up through the

Planet under fire
During a solar maximum,
the sun more frequently
emits coronal mass
ejections, blobs of
charged particles like
the one seen emerging
from the sun (left).
though earth’s magnetic field (blue, at
right) offers protection,
powerful ejections can
damage satellites and
sometimes even groundbased electronics and
electrical grids.
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surface and beyond. Sunspots look black or
gray because they are cooler than the atmoSOURCE: D. HATHAWAY
sphere around them, making them one of the
easiest ways to observe changes in solar activity.
Sunspots, solar eruptions and other solar phenomena generally act in concert; when there are
more sunspots on the surface, the sun is more
likely to spew out its particle blobs.
Galileo was among the first to observe sunspots through a telescope, in 1610, but it wasn’t
until 1826 that a German amateur astronomer,
Heinrich Schwabe, began systematically cataloging their rise and fall.
Schwabe’s work caught the eye
of professional scientists,
including Rudolf Wolf
of Switzerland, whose
“Wolf sunspot number”
calculation is still used
Peak monthly sunspot number to date
in current solar cycle (February 2012)
to quantify how many
sunspots are visible on
any given day.
For centuries, sunspot
numbers were just about
the only scientific measure
Peak monthly sunspot number in
of solar activity. Astrono23rd solar cycle (April 2000)
mers used them to learn
how each 11-year cycle differed
from the last. During the “Maunder
minimum,” between about 1645 and 1715,
virtually no sunspots appeared on the sun’s disk.
By the middle of the 18th century, solar activity
picked up, for reasons nobody understood. It then
dropped off again, less dramatically, during two
periods around the years 1800 and 1900.
Based on these data, Wolfgang Gleissberg
suggested in 1939 that there could be a roughly
100-year cycle superimposed on the 11-year
activity cycle. If so, then scientists might expect
another drop-off in the early 2000s. That could
well be the pathetic solar cycle of today, says
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David Hathaway, a solar physicist at NASA’s
Marshall Space Flight Center in Huntsville, Ala.
“It’s almost certainly going to be the smallest
sunspot cycle in 100 years,” he says.

Solar prognostication
Not everybody saw it coming. In 2007, a group of
experts led by the National Oceanic and Atmospheric Administration took a stab at predicting
what the current solar cycle — known as Solar
Cycle 24, as it’s the 24th recorded cycle — might
look like. The team used a number of statistical techniques to analyze sunspot numbers,
polar magnetic field strength and other possible
predictors. The group split pretty distinctly into
two camps. One faction relied heavily on polar
magnetic field strength and predicted a relatively
moderate cycle, with about 90 sunspots at its peak.
A second group thought other signals, which persisted over several past cycles as opposed to just
one, would be more significant; those scientists
predicted a much higher peak of 140 sunspots.
Six years later, the conservative group turns
out to have been closer to right. “The prediction
techniques I work with were saying this would be
a weak solar cycle almost 10 years ago,” says Dean
Pesnell, a solar physicist at NASA’s Goddard Space
Flight Center in Greenbelt, Md. “That was not the
most popular thing to say back then, but it turns
out to have been correct.”
Polar magnetic fields are important because
they serve as seeds for the upcoming solar cycle.
They get their start in sunspots, where the churning solar plasma breaks magnetic fields apart into
a morass of magnetic disturbances. Some of these
fragments get caught up in a “meridional” flow of
plasma that moves them away from the equator
and toward the sun’s poles. There the fragments
combine, build up strength and contribute to the
flipping of the magnetic poles. Finally, after the
magnetic reversal, the polar fields keep growing
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Flipping fields the
magnitude of each solar cycle
is correlated with the strength
of the sun’s polar magnetic
fields at the cycle’s outset.
exceptionally strong polar
fields in 1986 spawned a powerful solar cycle that peaked
in 1989, while more moderate
fields in 1996 resulted in a less
dramatic peak in 2000. even
lower field strength in 2008 has
led to the very weak solar cycle
that is happening now. the sun’s
magnetic field flips direction
at about the time of each solar
maximum. Source: d. HatHaway,
wilcox Solar obServatory

No sunspots

Astrophysical Journal Letters.
Together the studies confirm that flows are happening within the sun quicker than thought. And
in July, Hathaway and Lisa Upton of the Marshall
center reported new data from the SOHO and
SDO satellites that further support the importance of polar magnetic fields. Between 1996 and
2013, the scientists see the poleward flow getting
weaker as it approaches the poles. Like one river
current encountering another, the flow might be
running into a second internal movement running in the opposite direction, from the poles to
the equator.
During the last solar cycle, the counterflow
was stronger than during the cycle before it, the

The flow below
observations suggest
that the meridional
flow, a poleward current
tens of thousands of
kilometers beneath the
sun’s surface (as well as
a deeper return flow),
plays an important
role in regulating the
strength and timing of
the solar cycles.
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since 1998, the
McMath-Pierce solar
telescope (shown) has
observed a steady
decrease in sunspot
magnetic field strength.
some researchers
expect that sunspots
may temporarily vanish
in the near future.

Magnetic field strength and sunspot number
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scientists reported in July in
Bozeman, Mont., at a meeting of
the solar physics division of the
American Astronomical Society.
That could help explain why the
current solar cycle is so weak: The
meridional flow simply couldn’t
carry enough magnetic fragments
to reach the poles, there to combine
and build up strength for the ongoing solar cycle. The team hopes
to learn more about these possible
counteracting flows and eventually
be able to predict the polar fields
a couple of years in advance.

10/16/13 12:04 PM

Meanwhile, another hot dispute
centers around sunspots themselves and whether they are fundamentally changing over time.
The idea first cropped up in
2006, when Penn and William
Livingston, both at the National
Solar Observatory, claimed to
detect a long-term change in
sunspot brightness. Using the
McMath-Pierce solar telescope at Kitt Peak — one
of the world’s biggest solar telescopes — Livingston
has been measuring sunspot intensity and magnetism since 1998. He and Penn calculated that the
maximum magnetic field in sunspots had been
dropping as those solar blotches grew lighter by
about 1.8 percent each year. That drop happens
independently of the 11-year solar cycle.
If that trend continues, the scientists say, solar
activity could decline to the point that there would
be no sunspots at all by 2015. Other work seems to
back up their general point; a new study looking at
space-based measurements of sunspots’ magnetic
fields also suggests that they have weakened over
time. “That’s reassuring,” says Penn.
But the idea of changing sunspots remains controversial. In response to the Penn and Livingston
work, de Toma and her colleagues have looked at
sunspot measurements taken from 1986 to 2012 by
the San Fernando Observatory near Los Angeles.
This telescope has a much blurrier view than the
Kitt Peak one, but has the advantage of covering a
longer time period. In July in Astrophysical Journal Letters, de Toma’s team reported finding no
dimming of sunspots. They point out that the Kitt
Peak observations included only large sunspots
early on, and added the smaller sunspots later.

That change made the total sunspot trend look
artificially lighter, says de Toma, because small
sunspots are intrinsically fainter than big ones.
“It’s a selection effect,” she says.
That would be good news for anyone worried
about whether the sun is about to sink into another
Maunder minimum, that 17th century slump that
coincided with the Little Ice Age. While a drop in
solar activity probably didn’t cause the cold snap
(weather patterns and volcanic eruptions played
a far bigger role), changes in the sun’s output do
affect climate on Earth to a small degree.
Penn says he and Livingston have already corrected for any selection effects, and he questions
whether smog from the 405 freeway might affect
the San Fernando measurements. So the jury may
remain out on a long-term sunspot dimming trend
for a few years more.
For now, researchers are looking to see what
tricks the sun may play in the waning years of the
24th solar cycle. “The fact that this one’s lower
than the last one is no big shock,” says Scott
McIntosh, a solar physicist at the National Center for Atmospheric Research. “The question is,
where does it go from here? Will it rebound or
continue to slide?”
To answer that, scientists will have to do what
they always do: watch and wait. “We’re aware that
the sun is at maximum conditions,” says Pesnell.
“Everybody likes to assign a point for solar max,
but it will rattle around for several years.” The
sunspot number may rise again to match or surpass the 66.9 already recorded. Or it may continue
to drop, in which case February 2012 will go down
in history books as the maximum.
Either way, the sun isn’t necessarily done yet.
The largest solar storms sometimes come after
solar maximum, when the sun is on its downhill
slide. The powerful Halloween storms of October
2003 hit several years after solar maximum, and
still managed to blast satellites and deep-space
communications.
As for what the next solar cycle will bring, it’s far
too early to tell. Hathaway says he won’t have the
nerve to even think about predicting solar cycle
25 until at least 2017. It all depends on how those
polar fields build up, he says. “We’ve learned a lot
this time around.” s

Explore more
s nasa solar cycle prediction website:
solarscience.msfc.nasa.gov/predict.shtml
s national weather service space weather
Prediction center website: www.swpc.noaa.gov

BaBak tafreshi / science source
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and help regulate how big the next solar cycle
will be.
This, at least, is the scenario laid out by polarfield advocates like Hathaway. New discoveries
seem to bear him and his colleagues out. In 2012, he
reported new details on how this meridional flow
might regulate magnetic fields at the sun’s poles.
For decades, scientists had assumed that the
meridional flow traveled at a depth of about
200,000 kilometers below the sun’s surface. It
was just too deep to see directly. But Hathaway
reported spotting faint signs of this flow, based on
shifts in light given off by the element nickel as it
moved within the sun’s atmosphere. With these
data, gathered by the European/U.S. Solar and
Heliospheric Observatory during the last solar
cycle, he calculated that the flows must be moving
in much smaller cells — starting at about 50,000
kilometers deep. That shallower depth means that
magnetic fragments can be carried to the poles
faster than thought, since they don’t need to travel
deep in order to move. That, in turn, suggests that
the meridional flow can strongly influence how
the polar fields build up and how active the sun
is likely to be.
Not everyone believed Hathaway’s conclusions, in part because of the way he traced the
flow. This August, though, Stanford University scientists announced that they, too, had found that
the meridional flow was happening at a relatively
shallow depth. The team, led by Junwei Zhao, used
NASA’s latest and most sophisticated sun-watching satellite, the Solar Dynamics Observatory,
to track sets of plasma waves moving across the
sun’s surface. With those data, the scientists could
calculate how material was moving inside the
sun in greater detail than Hathaway could, says
Zhao. They found the meridional flow starting at
about 60,000 kilometers deep, the team wrote in

Yearly average sunspot number 1610–2012
200

Sunspot number

In
the four centuries that
observers have been
counting sunspots, there
have been a number of
periods with notably low
activity. Some researchers argue that the sun
appears to be entering
a period of low activity analogous to the
decades around 1800
and 1900. Some even
predict the sun may
be entering a period of
essentially no sunspot
activity similar to the
Maunder minimum of
the late 17th century.

Polar field strength (gauss)

The long view

26 science news | november 2, 2013

solar_cycles.indd 26

10/16/13 12:04 PM

Erin F. Otwell Art Direction

5

Illustration direction and layout

Feature

Legalization trend forces consideration
of pot’s dangers By Laura Sanders

OppOsite page: tang Yau HOOng; tHis page: alila Medical Media/sHutterstOck

S

ome people think marijuana is nature’s gift to humankind: a nonaddictive drug, safe at any dose, that opens
the mind, lifts the spirit and transports the user to a
more profound reality.
“The illegality of cannabis is outrageous, an impediment to
full utilization of a drug which helps produce the serenity and
insight, sensitivity and fellowship so desperately needed in
this increasingly mad and dangerous world,” a user named Mr.
X wrote in the 1971 book Marihuana Reconsidered.
Close to 30 years later, Mr. X was revealed to be the legendary science communicator and astronomer Carl Sagan. His
message still reverberates with many Americans, whose support for legalizing marijuana has tripled since 1989 — from
16 percent to 54 percent today. In Colorado and Washington
state, voters legalized recreational marijuana use in November
2012. That formal embrace of marijuana may signal a growing shift in acceptance. Today, 21 states and the District of
Columbia sanction medical use (up from 16 in 2010) and 17
have curbed punishments for possession of small amounts of
recreational cannabis.
Marijuana as medicine is gaining support in studies, both to
tamp down nausea and pain and to directly counter insidious
diseases such as epilepsy, cancer and multiple sclerosis (SN:
6/19/10, p. 16). But what about for healthy people? Is marijuana really a safe way to rise above the tumult and distress
of daily life?
Michele Leonhart, the head of the U.S. Drug Enforcement
Administration, says no. In congressional testimony in 2012,

she portrayed marijuana as a dangerous addictive drug on par
with methamphetamines or heroin. Like other drugs cordoned
off by her agency to a list called Schedule I, she said, marijuana
has no medical use and a high potential for abuse.
Convinced of marijuana’s dangers, the DEA and vocal
groups of police officers, educators and public health officials
remain steadfastly opposed to the growing legalization movement. Legalization poses significant health and safety risks to
Americans, they argue. This addictive drug wipes out memories, steals IQ points and triggers psychosis, leaving behind a
zombie nation of slackers vegetating in their parents’ basements, opponents say. The consequences may be especially
damaging for teens.
Who is right? The people who contend that marijuana is
a misunderstood salve for the soul or those who claim it’s a
dangerous narcotic that turns people into dimwitted potheads?
Turns out it’s neither. Though the research is far from definitive, the scientific evidence that does exist suggests that marijuana is far less dangerous than highly addictive drugs like
heroin, methamphetamines and alcohol. But it is not harmless. Pot can probably cause permanent changes in the developing brains of adolescents. And though marijuana is not highly
addictive, about 10 percent of users become dependent.
It’s unlikely that existing research will be able to provide
a clear-cut answer about whether legalization is a good idea.
But in a way, that debate is already over. As popular sentiment
shifts and laws become more lenient, marijuana becomes a
bigger piece of the social fabric.

Altered states Marijuana can speed up the heart, expand blood
vessels in the eye and make the mouth feel cottony. it also has several
targets in the brain.

Brain structure

Effect of marijuana on brain region

amygdala

can alter emotional states

Basal ganglia

reduces motor activity; users may move less

cerebellum

can impair coordination

cortex

May alter complex thinking, making it hard to pay
attention or switch quickly between two tasks

Hippocampus

Memory center becomes less efficient, making it
harder to learn and remember new information

Hypothalamus

stimulates appetite, giving marijuana users the
well-known “munchies” effect

Hippocampus

nucleus
accumbens

can make users want to use again by targeting this
area, which is part of the brain’s reward system

Cerebellum

sOurce: k. FransOn

Amygdala

Cortex

Basal
ganglia

Nucleus
accumbens
Hypothalamus
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Mind to
Motion

Brain-computer interfaces
promise new freedom for the
paralyzed and immobile

NOVEMBER 16, 2013

By Meghan Rosen

Brain
CONTROL

Spinal cord–injury patient Gene Alford takes a supported step in NeuroRex, a thought-controlled robotic
walking device. An electrode cap detects electrical
signals from his brain that, decoded by a computer,
tell the device to move.

Noninvasive technology gets
paralyzed people walking

Cover
Cover.indd 1

Feature about noninvasive, mind-controlled exoskeleton and
wheelchair technologies being developed for paralyzed patients.
Photography by Felix Sanchez

10/30/13 3:19 PM
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FELIX SANCHEZ

Thick Velcro straps cinched the robot’s legs to
Steve Holbert’s calves and thighs. The straps
were snug — they helped secure his body to the
machine. But they had to be fastened just right. Too loose and
Holbert might slip around. Too tight and the straps could cause
pressure sores. Not that Holbert could tell the difference:
He hadn’t felt his legs since 2009.
Holbert was testing out a brain-controlled walking device
for people who are paralyzed. He had tried the machine before,
but couldn’t quite get it to sync up with his thoughts. This afternoon, he was giving it another shot. Already, researchers in
José “Pepe” Contreras-Vidal’s lab at the University of Houston had stretched an electrode-studded cap over Holbert’s
head and strapped him into the robot, an 80-pound hulk
of high-tech machinery and electronics named the NeuroRex. “It reminds me of the cargo-loader Sigourney Weaver
drives in Aliens,”
Aliens Holbert says.
He grabbed the robot’s armrests, scrolled through the
LCD menu and selected “stand.” The robot’s motors
whirred, and scientists hovered nearby in case the
machine tipped over. At Contreras-Vidal’s cue, the bustling lab hushed and Holbert cleared his brain. Then he
mentally commanded the NeuroRex to move.
“I’m thinking, ‘Go, go, go,’ and it started walking!” he
says. “It took off at exactly the same time I was trying
to make it move.” As Holbert marched slowly across
the lab, he smiled. “Pepe, it feels like these legs are
mine.” The whole room started clapping. “It was an
emotional moment,” Contreras-Vidal says. Holbert
remembers the scientist looking calm. “Pepe knew
it was going to work,” he says. “He’s been optimistic
the whole time.”
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When snakes fly

Beatles Reaction
Puzzles Even
Psychologists
Psychologists are as puzzled
as parents over the explosive effect the Beatles are
having on American teenagers. There has not been
enough serious study on
mass adolescent reactions to
explain the impact of these
four mop-headed British
youths…. The Beatles follow
a line of glamorous figures
who aroused passionate
cries and deep swoons. Most
prominent in the 1940’s was
Frank Sinatra and in the
1950’s Elvis Presley. Their
glory passed when they got
too old to be teen-agers’ idols
or when teen-agers got too
old to need them. The same,
it is predicted, will happen
to the Beatles. In the meantime, there are two ways to
handle the situation: either
grin and bear it or relax and
enjoy it. For the Beatles are
inevitable.
UPDATE: So much for pre-

dicting tastes. In February,
14 million people tuned in
to a special celebrating the
50th anniversary of the
Beatles’ first appearance on
The Ed Sullivan Show. About
73 million people tuned in to
the 1964 broadcast.
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A snake jumping out a window has
at least a little bit in common with a
paper airplane.
Few snakes do anything but fall, but the
paradise tree snake widens and flattens
its body as if trying to catch some lift. And
instead of holding a straight Superman
pose, it undulates and whips S-curves
in the air in a 3-D motion that researchers don’t have a word for. “Just watch the

video,” says biomechanist Jake
Socha of Virginia Tech in Blacksburg.
Launching from a 10-meter height,
Chrysopelea paradisi snakes regularly
glide outward 10 meters, and Socha has
witnessed a champion glide of 21 meters.
The snake is an accomplished aerialist
among the five Chrysopelea species of
flying snakes, all from South and Southeast Asia.

INTRODUCING

SCIENCE STATS

Spore power

Where antibiotics go

With mighty bursts of rehydration, bacterial spores offer a new source of renewable
energy. Bacillus spores quickly shrivel in
dry times and bloat with a blast of humid500 nm
ity. The transitions, which take about half
a second, pack a powerful punch that biophysicist Ozgur Sahin at Columbia University realized could translate to usable energy.
By smearing spores onto a flat piece of rubber about the length of a human hand, Sahin
and his colleagues developed a spore-powered generator. In arid conditions, parched
spores pull the rubber into a curve, while wafts of wet air plump up spores and spring it
flat again. The team linked the rubber to an electromagnetic generator, so that every
flex produced an electric current. By weight, spore power rivaled the juice in a car
battery, Sahin and colleagues report January 26 in Nature Nanotechnology. Since the
spores tote such a high energy potential — more than 1,000 times that of mammalian
muscle — Sahin and colleagues say energy-harvesting devices based on the dormant
dynamos could be linked into municipal grids to contribute a power boost to homes
and cities. — Beth Mole
Dry

Spore cross section
Spores

Cortex

Latex

Core

Wet

Expand and flex
Inner
coat

Outer
coat

Energy can be captured from bacterial spores
with an absorbent cortex layer (left) that swells when wet. Researchers spread spores on pieces of latex (above) and harnessed energy
from the motion created as spores shriveled and expanded.

In flying shape Stretching out its ribs much like a cobra flattening to form a hood,
a paradise tree snake achieves an odd body shape (cross section shown) that turns
falling into a decent glide.

U.S. antibiotic use

Antibiotic resistance of Salmonella infections in humans
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Watch a video of gliding snakes at bit.ly/SNsnakesfly
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But the domed shape doesn’t account
for all the lift the snake actually
achieves. Socha is now curious about
the contributions of the snake’s aerial
motions. A bicycle racer can catch a
boost by drafting behind another racer,
so Socha wonders if a long snake whipping its curves might basically be drafting itself. — Susan Milius

2.5 cm

Of the 51 tons of antibiotics consumed every day in the United
States, about 80 percent goes into animal production (below).
The widespread use of antibiotics in livestock may be contributing to growing resistance to the drugs by bacteria such as
Salmonella (right). In December, the U.S. Food and Drug Administration enacted a voluntary program phasing out antibiotics
used to make livestock grow bigger. SOURCE: A. HOLLIS AND Z. AHMED/NEJM 2013
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IT’S ALIVE

50 YEARS AGO

IT’S ALIVE: J. SOCHA; INTRODUCING: X. CHEN ET AL/NATURE NANOTECH. 2014

Excerpt from the
February 29, 1964,
issue of Science
News Letter

— an odd shape for an airfoil.
Socha and his colleagues used 3-D
printing to create a snake stand-in with
the same cross section and tested fluid
flowing around it at various speeds and
angles. At many angles the chubby shape
could generate much of the lift a gliding snake needs, the team reports in the
Feb. 1 Journal of Experimental Biology.

Percent resistant

The paradise glider lives in trees,
climbing in easy slithers and jumping
off branches to escape both predators
and scientists. It really does jump, Socha
says. The snake anchors its tail on a
branch, and the front of the body first
drops down and then shoots back up
and out headfirst. It has some power to
aim its glides, and Socha suspects it has
unusually good vision for a snake. He
has seen gliders he was studying snap
heads-up alert and follow the motion of
an airplane across the sky.
Yet a resting paradise glider looped
over a branch “just looks like a normal
snake,” he says. “That’s part of the
fascination.”
Most of the time the paradise tree
snake is as sausage-round as any other
snake. But during a glide, the flyer
splays out its ribs and sucks in its belly.
Its round cross section turns into more
of a dome, like a sliced mushroom cap

A paradise tree snake
draped over a branch can
launch in an instant and
glide to another branch
or to the ground.
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SCIENCE VISUALIZED
First bacterial
genome sequenced
(Haemophilus influenza)
SIZE: 1.8 megabases

First fungus
genome sequenced
(Saccharomyces
cerevisiae: yeast)

First animal
genome sequenced
(Caenorhabditis
elegans: nematode)

First plant genome
sequenced (Arabidopsis
thaliana: weed related
to mustard)

SIZE: 12.1 megabases
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SIZE: 115.4 megabases
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SIZE: 3.2

gigabases

The human
genome
project is
declared
complete.

The ENCODE project
begins. The federally
funded project was
designed to find
all of the functional
elements of the
human genome.

Final
version of
the human
genome
sequence
published.

The gene sequencing future is here
As recently as the 1980s, scientists collected genetic data by laboriously tracking the migration of DNA molecules through slabs of
gel. Now researchers stand by as machines gush billions of letters,
or bases, of DNA code a day. In the last two decades, the speed
of sequencing has leapt from around 10,000 bases per day per
machine to more than 1 billion (blue). Since the introduction of
high-throughput machines in the mid-2000s, costs have plummeted
(orange) and the price of sequencing a person’s genome (gold) is
tumbling toward the long-anticipated figure of $1,000. The biggest
expense in sequencing a human genome now is the cost of storing
the information, says Scott Kahn, vice president of commercial
enterprise informatics at Illumina, a San Diego biotech company
specializing in high-throughput sequencing. Someday soon, he says,
it may be cheaper to resequence a person’s genome each time the data
are needed than to store the information as 1s and 0s. — Beth Mole

Human microbiome
project begins. The
project surveys the
genomes of microbes
living throughout the
human body.

Human
microbiome
project
completed
SIZE: 3.5

terabases

DNA FIRE HOSE

36,000
streaming HD movies

Equivalent raw data flow of one
Life Technologies Ion Proton P2
sequencing machine

FROM TOP: E. OTWELL; LIFE TECHNOLOGIES

First human
genome draft
sequence
(Homo sapiens)
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MeRs outbreak picks up pace
in recent weeks, virus infected hundreds, including two U.s. cases

6 science news | May 31, 2014
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with camels, Briese
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says. And if the aniunknown two
mals were the primary
years ago. now
source, he says, one
it has infected
at least 538
might expect camel
people in 16
handlers or people
countries.
who work at slaughterhouses or otherwise have intense
contact with camels and their bodily fluids to be the people who get MERS most
often. But that’s not the case, Briese says.
Instead, the virus most often attacks
the old and already sick. Scientists are
trying to determine what makes some
people susceptible. Also unclear is
exactly how the virus makes the leap
from camel to human. Briese and his colleagues are testing camel meat, milk and
urine as possible sources of the virus.
The method of transmission is just
one of the fundamental questions that
scientists have yet to answer about
MERS. Researchers have learned that
the virus uses a protein on its surface,
known as the spike protein, to pick a particular molecular lock and gain access
to human cells. The lock is a protein

Numbers on the rise After new case numbers
remained low for two years, the MeRs outbreak
increased rapidly in April.
soURce: eURopeAn centRe foR DiseAse pRevention AnD contRoL
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More than two years after it first
appeared, the Middle East Respiratory
Syndrome virus has suddenly exploded,
with more than 200 new cases in April.
As doctors struggle to treat patients,
scientists are rushing to answer some
basic questions about the virus’s biology,
whose answers could stop the outbreak
from becoming a pandemic.
As far as anyone knows, the first
human victims of MERS were a university student and a nurse who got sick and
died in Jordan in the spring of 2012. In
the two years between then and March
2014, public health officials recorded a
total of 207 cases. Of those cases, 93 people died, making the mortality rate about
45 percent.
“If you do the math on the mortality
rate of the virus and the number of people on the planet, it’s scary,” says Ralph
Baric, a virologist at the University of
North Carolina at Chapel Hill, who has
long studied coronaviruses, including
MERS and its cousin SARS.
The situation has rapidly worsened.
In April 2014, the MERS virus infected
at least 261 people — more than in the
previous two years combined — and
killed 38, mostly in Saudi Arabia and the
United Arab Emirates. Those countries
have been focal points of the disease
since early in the outbreak. The first two
documented cases in the United States
were announced on May 2 and May 12;
the patients are both health care workers
who recently traveled from Saudi Arabia
(SN Online: 5/2/14, 5/5/14, 5/12/14). By
mid-May, the world’s case total was 538,
according to the U.S. Centers for Disease
Control and Prevention.
The World Health Organization has

a team in Saudi Arabia attempting to
determine why MERS has begun to
spread so rapidly, says WHO spokesperson Tarik Jasarevic. Scientists have
already ruled out one possibility: “There
is absolutely no evidence that the virus
has changed,” he says.
Part of the mystery is that no one is
certain how people become infected,
Jasarevic says. Camels and bats have
been found to carry related viruses,
with camels regarded as the most likely
source for human infections.
Now, researchers have discovered
that dromedary camels carry live MERS
viruses in their noses that can infect primate cells. Thomas Briese, a virologist at
Columbia University, and his colleagues
report the finding April 29 in mBio. Previous studies had hinted that the dromedaries could carry MERS (SN: 4/5/14,
p. 8), but fell short of demonstrating that
the animals have live viruses that can
transmit to humans.
Camels can’t be blamed for all MERS
cases. Many people who have fallen ill
were city dwellers who had no contact

Number of cases

By Tina Hesman saey

known as dipeptidyl peptidase 4, or
DPP4, that sits on the surfaces of cells
(SN Online: 3/13/13). Many species make
a version of DPP4; the MERS virus can
crack a limited number of those, including the versions made by humans, camels
and bats. It can’t get past the DPP4
locks on the surfaces of cells from mice,
rats or ferrets, says Vincent Munster, a
virologist at the National Institutes of
Health’s Rocky Mountain Laboratories
in Hamilton, Mont.
That’s a problem, because it means
those laboratory favorites can’t be
experimentally infected with MERS.
Munster and his colleagues discovered
that the coronavirus can infect rhesus
monkeys. But the monkeys don’t completely mimic the human infection,
Munster says, and “not that many labs
can handle nonhuman primates.”
The problem of finding a useful animal MERS model may be partially solved
thanks to a team led by Stanley Perlman,
a virologist at the University of Iowa in
Iowa City. Perlman and his colleagues
devised a way to get mice to temporarily
produce the human version of DPP4 in
their respiratory tracts, the researchers
reported in the April 1 Proceedings of the
National Academy of Sciences.
Mice with human DPP4 can be
infected with MERS, enabling the
researchers to learn how the immune
system handles the virus. Perlman’s
group is now genetically engineering
mice to permanently replace their DPP4
protein with the human version.
Other potentially good news surfaced when two groups of researchers
reported April 28 in the Proceedings of
the National Academy of Sciences and
in the April 30 Science Translational
Medicine that they had isolated human
antibodies that could prevent the MERS
virus from latching on to its target.
The discovery raises the possibility
that the antibodies could treat MERS
infections or protect health care workers or close contacts of MERS patients
from infection, says Wayne Marasco, an
immunologist at Harvard Medical School
and a coauthor of one of the reports.
The study also suggests that healthy

United Kingdom 4
Germany 2

Kuwait 3

Qatar 7

France 2
Italy 1

United Arab
Emirates 49

Greece 1

Egypt 1
Tunisia 3
(United
States 2)

Philippines 1

Jordan 6

Oman 2
Malaysia 1
Yemen 1

Saudi Arabia 411

A moving target

the MeRs outbreak has centered on the Middle east, but travelers have
carried the respiratory virus to many other countries. the numbers represent cases documented
through May 6 in each country, with the exception of the United states, which saw its second
case later in May. soURce: eURopeAn centRe foR DiseAse pRevention AnD contRoL

human immune systems can keep the
MERS virus in check, Marasco says. During the course of the experiments, the
virus sometimes developed mutations
in its spike protein, allowing MERS to
evade the antibodies. “In cases where
viruses could escape, they did so at
the expense of their own fitness,” says
Marasco. The mutated viruses either
had a harder time grasping cells, which
would make infection harder, or they
grew less well in primate cells. Weakened viruses may be easy pickings for a
strong immune system.
Unfortunately, many people who have
contracted MERS already had other illnesses that may have damaged their
ability to fight the virus. Each infected
person is like a test tube where the virus
can mutate; having more test tubes
means an ever-increasing chance that
the virus could become better at growing in humans. “A weakened immune
system is clearly consistent with an environment where adaptation can occur,”
says Marasco.
Many of the new cases in Saudi Arabia
and the United Arab Emirates have been
spread from a sick person to a health
care worker, family member, hospital
patient or another contact. People who
caught the virus from someone else tend
to have mild illnesses or no symptoms at

all, Jasarevic says, and the virus rarely
transmits beyond the second person
infected.
That’s an assertion that Trish Perl, an
epidemiologist at Johns Hopkins University, challenges. Perl traveled to Saudi
Arabia last year to investigate a large
MERS outbreak at hospitals. Her team
found evidence for long chains of person-to-person transmission of the virus,
especially among dialysis patients (SN
Online: 6/19/13). “It’s clear that there is
a lot going on in the health care environment,” Perl says.
In recent weeks, health officials have
reported a growing number of milder
cases and cases with no symptoms. Some
may have been detected thanks to better
surveillance; mild cases may have been
missed earlier. The growing number of
milder cases has also lowered the virus’s
overall mortality rate to somewhere
around 30 percent. That’s still a frightening number, Perlman says, but “it’s not
as scary as it could be.”
He sees MERS as primarily a camel
cold virus that sometimes leaps into
susceptible people; proper precautions,
he says, may make it disappear. “If you
have good infection control measures
and people stop getting so close to sick
camels, there’s a good chance it will
die out.” s
www.sciencenews.org | May 31, 2014 7
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who works for the consulting company
Optics for Hire in Arlington, Mass.
Scaling up some of these technologies
to make affordable flat screen televisions
will take years, if it ever happens. But in
the meantime, these new approaches
may find their way into niche markets
that can benefit from the richer experience 3-D promises.
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cience fiction fans know what a
3-D display ought to look like.
The film Forbidden Planet
showed them more than half
a century ago. On a distant world once
inhabited by an advanced alien civilization, human scientist Dr. Morbius discovers a table that can create holographic
videos. He calls up a ghostly projection
of his daughter that’s smaller than but

18
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otherwise identical to the girl herself.
“Aladdin’s lamp in a physics laboratory,” says an awed spacefarer peering
over Morbius’ shoulder.
Compared with this Krell technology,
the magic of today’s 3-D televisions and
movie screens are a bit lacking. Just ask
moviegoers whose eyes felt strained as
they watched Avatar from behind a pair of
goofy glasses. Or move your head side to

side while playing Nintendo’s latest portable gaming device, the 3DS: You will see
that Mario’s world just doesn’t rotate like
the real world would.
But a handful of research teams are
hoping to create a 3-D experience that’s
glasses-free, comfortable and as in-yourface as watching the Super Bowl from the
front row at the stadium. By combining existing techniques with a few new

Cary Wolinsky anD riCk kyle
Cary Wolinsky and riCk kyle

3-D entertainment steps beyond
the glasses and headaches By Devin Powell

www.sciencenews.org

tricks, the researchers are finding better
ways to fool the brain into thinking the
action is right there in the room.
A screen currently under development reveals an object’s sides when you
peek around it. And an in-the-works teleconferencing system made of a spinning
mirror can conjure up floating faces worthy of the Wizard of Oz. Other approaches
bypass the trickery completely and go
www.sciencenews.org

straight for the tried-and-true 3-D experience of holography: A postcard-sized
Princess Leia made her debut earlier this
year (SN Online: 1/26/11), and the military recently acquired a prototype table
akin to Dr. Morbius’.
“The technology is getting closer to
creating something that looks like a
sculpture made out of light,” says Gregg
Favalora, a veteran 3-D display designer

The human brain has a built-in talent for
working out depth from flat images. Even
an old-fashioned movie looks somewhat
three-dimensional on a normal TV set.
Shadows on a bone tossed into the sky in
2001: A Space Odyssey, for example, reveal
it to be an honest-to-goodness bone, not
a cardboard cutout. And when chariots
racing around a hippodrome in Ben-Hur
partially block each other from view, the
audience knows who’s in the lead.
Today’s commercial 3-D movie screens
and televisions make objects leap out at
the audience by displaying two overlapping images. Each image captures a
different perspective, offset by the space
between the eyes. Special glasses filter
the pictures — which often have slightly
different colors or light that bends in a
different way — so the left eye sees one
image and the right sees another. The
brain puts these two scenes together to
infer depth. It’s an old trick that dates to
the first half of the 19th century, when
English scientist Sir Charles Wheatstone
used mirrors to redirect side-by-side
images, one into each pupil.
Portable gaming devices, cell phones
and cameras of today can achieve the
same effect without glasses. These
technologies slice the two images into
ribbons that get stitched together like
zebra stripes. Each eye sees a different
set of stripes thanks to a barrier with
vertical slots. Because the trick requires
the eyes to be in just the right spot, it
works particularly well for small screens
held at a fixed distance.
But, glasses or not, no consumer technology provides a 3-D view that turns
like the real world does when you move
your head to the side. Moviegoers all
share the same point of view, regardless
December 17, 2011
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HURT BLOCKER

Taming

Flavors of pain

PAIN

Protective pain

Unhelpful pain

Pain is generally protective, prompting you to pull your
hand off a hot stove or sit tight after an injury. But not
all pain is alike, and it’s not all helpful.

4

1. Nociceptive This type of hurt is a response to an intense stimulation of the nervous system, such as a stubbed toe or burnt finger.

2

2. Inflammatory The immune system can prompt this pain,
which helps prevent long-term damage. Caused by fractures and
infection, among other cellular-level assaults, this pain gets
ramped up at the spinal cord.

3. Dysfunctional Genetic abnormalities that alter the way nerves
sense stimuli — and the amplification of stimuli in the spinal
cord and brain — can turn a gentle touch or no stimulus at all into
a painful experience.

HURT
BLOCKER

DISPLAY UNTIL JULY 16, 2012

How to stop the body from crying wolf

Cover

elsewhere in the central nervous system can cause long-lasting pain.

6/13/12 1:17 PM

mong a small number of
related families from northern Pakistan, some individuals never feel pain in any part
of their bodies. Scientists studying six
such children found that by the age
of 4, they all had injuries to the lips or
tongue from repeatedly biting themselves. Bruises, cuts and broken bones
were common, though fractures were
diagnosed only long after the fact, when
weird, painless limping or the inability to
22
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use a limb called attention to the injury.
Tests showed that the pain-free children
perceived sensations of warm and cold,
tickling and pressure. They could feel
the prick of a needle, but it didn’t hurt.
Two had been scalded — painlessly — by
hot liquids. And one boy who performed
street theater by putting knives through
his arms and walking on hot coals died
after jumping off a roof on his 14th
birthday.
Besides their inability to feel pain, the

Pakistani individuals studied by the scientists had something else in common:
mutations in a gene called SCN9A. That
gene encodes the instructions for a protein that forms a passageway for letting
sodium ions into nerve cells. Known as
Nav1.7, this particular ion channel sits
on pain-sensing nerves; when a nerve is
stimulated enough to warrant sending a
signal to the brain, a flood of sodium ions
rush into the cell.
Among the pain-free Pakistanis,
www.sciencenews.org
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The next big pain drug may soothe sensory firestorms
without side effects By Rachel Ehrenberg

MICHAEL MORGENSTERN

Cover.indd 1

4. Neuropathic Damage that injures nerve fibers or causes lesions

various mutations in SCN9A altered the
blueprints for Nav1.7 in different ways,
but with the same result: The channel
didn’t work. Muted nerve cells could
no longer alert the brain when the body
encountered something painful.
In other people, though, changes in
the same gene make the channel work
too well. Affected nerve cells distort or
exaggerate their response, crying wolf
when they encounter nonpainful stimuli
or even when there is no stimulus at all. In
January scientists reported seven Nav1.7related mutations in some people with
unexplained cases of small fiber neuropathy, a condition that typically entails
burning pain in the feet with intermittent
stabbing, aches and sensations of electric
shocks or pins and needles.
Small fiber neuropathy and congenital indifference to pain (the official name for the Pakistanis’ pain-free
condition) are just two of a handful of
human pain disorders that have in the
last decade been linked to malfunctioning Nav1.7. Though some of these conditions are relatively rare, a growing body
of research suggests that Nav1.7 might
play a part in more common persistent
pain that follows nerve damage. Such
pain can result from a bad burn or traumatic wound, or even accompany diseases such as diabetes.
As more new studies pile up, Nav1.7
is beginning to look like a nerve channel of pharmaceutical company dreams.
“Potentially, these channels are just
the most amazing drug target,” says
www.sciencenews.org

1

Geoff Woods of the Cambridge Institute
for Medical Research in England, who
led the study of the pain-free Pakistani
children.

Channel Nº 1.7
Part of the excitement over Nav1.7 stems
from the fact that the channel may offer
a solution to an ongoing problem in
designing pain drugs: To avoid unwanted
side effects, medications should act only
on particular targets in particular places.
Today’s pain drugs aren’t so choosy.
For example, lidocaine, an anesthetic
that can be applied topically or injected,
targets an entire class of sodium channels. It doesn’t discriminate between
channels on nerves related to pain
and channels on other nerves; that’s
why affected areas feel totally numb.
(Because it blocks sodium channels in
the heart, the drug is sometimes used to
treat irregular heart rhythms.)
Aspirin, ibuprofen and their kin
inactivate enzymes that promote inflammation. But these enzymes also help
protect the stomach from acid, assist in
kidney function and help blood clot, so
the drugs can increase the risk of ulcers,
kidney failure and certain cardiovascular troubles. The chronic pain drug
pregabalin, which is prescribed under
the brand name Lyrica for some types of
pain and seizures, hits widely distributed calcium ion channels. Because of
the effects on channels in the brain,
the drug can cause dizziness, drowsiness
and other problems.

3

Then there are opiates, including
Vicodin, OxyContin and morphine.
These work on cellular machinery in
the digestive tract, spinal cord and brain,
so they can cause nausea, constipation,
dizziness and breathing problems, as
well as being highly addictive.
But Nav1.7 is found predominantly in
peripheral nerves at work in the outer
territories of skin and muscle. So drugs
that target this channel shouldn’t make
people groggy, put them at risk for heart
problems or meddle with other organs
such as the liver or kidneys. The fact
that the pain-free Pakistani children
were otherwise healthy suggests that a
Nav1.7 blocker wouldn’t interfere with
other body functions. (The only secondary effect of knocking out Nav1.7 appears
to be a reduced or lost sense of smell.)
Drugs aimed at Nav1.7 might provide
relief, with few side effects, to people
with the kind of pain that persists when
peripheral nerves malfunction. Such pain
is like an alarm system gone haywire.
Typically pain is protective; it alerts
you to impending or actual damage. Nociceptive pain (from the Latin
nocere: to hurt or injure) delivers a red
alert when you touch something dangerously sharp or hot. Nerve cells that
sense this type of pain have a pretty
high threshold, but once activated, the
response is instantaneous: Your withdrawal reflex kicks in and you pull your
hand away. Inflammatory pain, stimulated by immune system cells, occurs in
response to injury. This pain warns you
June 30, 2012
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M. cassini
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West M. cassini
M. tredecassini
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Mid

M. septendecim
M. septendecim

West M. septendecim
M. neotredecim

Decim

All regions

M. tredecim

Mix and match Almost any year, periodical cicadas burst from the ground in mating
frenzies in the eastern United States. A single cohort, Brood II, emerged in 2013, but in
2014 and 2015, both 13- and 17-year cicada broods will emerge. (Color-coded dots show
observed or expected locations.) Most broods include a mix of what are considered separate
Magicicada species, which evolved from a common ancestor almost 4 million years ago
(family tree, left). those ancestors branched into three main lineages: Decula, Cassini and
Decim. Now each lineage has its own 13-year species (“tre” prefix) and 17-year species
(“septen” prefix, not used in M. cassini). Species from each lineage live in all regions (east,
middle and west) where cicadas are found. the genetics of the regional populations mirrors
their geographic distribution (shown on tree).

Broods and locations 2013–2015
2013
Brood II
17-year
3 species

Tumor testing dreams

Though some patients do benefit from drugs that target specific cancer-causing mutations, in most cases a tumor’s
underlying mutations are unknown. Someday, researchers hope, comprehensive genetic tumor testing (steps depicted below) will become cheap
and fast enough to influence patient care, providing every cancer sufferer with personalized treatment.

2014
Brood III
17-year
3 species

2015
Brood IV
17-year
3 species

Brood XXII
13-year
3 species

Brood XXIII
13-year
4 species

SoUrCe: t. SotA et al/PNaS 2013; MAgICICADA.org
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between possible and probable.”
In the 1990s, biologists predicted that
studies of animal genomes would mirror
the gradual addition of anatomical complexity in early animal evolution. Where
humans have about 22,000 genes in their
genome, it was expected that sponges,
sea anemones and comb jellies would
have far fewer. Yet in 2007, biologists
were taken aback by a report in Science
showing that the starlet sea anemone
has nearly as many genes as a human.
The genetic potential for complexity, it
seemed, existed early on.
Comb jellies made a splash a year
later. An evolutionary tree built according to similarities in select stretches
of DNA, rather than shared anatomical traits, placed the comb jellies below
the brainless sponges. At the time, scientists largely dismissed the finding,
calling it a result of imperfect treebuilding algorithms. In fact, the team
initially left the finding out of its paper.
“But the reviewers wanted us to say
something, so we noted the result and
said it needed further analysis,” says
Andreas Hejnol, a coauthor on the 2008
report in Nature and an evolutionary
developmental biologist at the Sars
International Centre for Marine Molecular Biology in Bergen, Norway. “But privately among ourselves, we talked about
what it would mean if [comb jellies] are
at the base,” Hejnol says. “It would mean
that they evolved complexity independently, or that the sponges lost a massive
amount of complexity.”
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Bone marrow stem cell
Lymphocyte precursor

Monocyte precursor

Dendritic cell
Macrophage

Red blood cell

Megakaryocyte

B cell

T cell

Natural Killer cell

Transforming mice with human immune players
Mature human lymphoid cells are injected
into spleen, vein and peritoneal cavity.

human bone marrow stem cells are injected
into femur bone and vein.

Spleen
Peritoneal cavity

Vein

Vein

Femur bone

Mature t cells and low levels of B cells
and other immune cells result, providing a
good model for studying infectious agents
and graft-versus-host disease, common in
transplant medicine.

a naive human immune system results;
t cells recognize mouse cells as self, not
human cells. this model is useful for studying the naive immune system’s responses
to various viruses.

fragments of human fetal liver and thymus
are injected under kidney capsule.

human fetal liver and thymus fragments are
injected under kidney capsule; stem cells in vein.

Under
kidney
capsule

a weak overall immune system results. t cells
recognize human cells, but few other human
immune cells are produced. the model was
used to study hiv infection in t cells.

Under
kidney
capsule

Vein

a near-complete human immune system, with
human-educated t cells and a stable supply
of other cells, provides a model for studies of
hiv, dengue and other diseases.

sourcE: l. shultz et al/nature reviews immunology 2012
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To explore that question and others, a
group of biologists decided to tackle an
entire comb jelly genome. They chose a
walnut-shaped jelly, Mnemiopsis leidyi,
which could be collected easily off the
coast of Cape Cod, Mass., and reared in
the lab.
In January, Andy Baxevanis, a lead
investigator on the M. leidyi genome
project and a comparative biologist at
the National Human Genome Research
Institute in Bethesda, Md., presented his
team’s results in San Francisco, Calif.,
at the annual meeting of the Society for

Multicellularity
6/26/13 3:00 PM

sponges

cnidarians

www.sciencenews.org
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integrated
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system and
brain
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nerve net

bilateral
symmetry

New tree

based on dna
sequences, scientists
say the comb jelly lineage
may have branched off
before the lineages of all
other living animals and
that the odd creatures
evolved their central
nervous system and
muscles independently.
the origin of ectoderm
and endoderm remains
unclear.

Explore more
s For sightings, sounds and more visit
Magicicada.org
www.sciencenews.org

cicadas.indd 28

comb Jellies

Walt Koenig of Cornell University.
Decades of nationwide citizen-science
surveys of breeding birds show that
cicadas tend to show up during dips in
numbers of seven cicada-eating birds,
including American crows and blue jays.
This may not be coincidence. That feast
of easy-to-catch cicadas may somehow
set bird populations on rise-and-fall trajectories that miss big cicada years, he
and Andrew Liebhold of the USDA Northern Research Station in Morgantown,
W.Va., proposed in the January American
Naturalist. “Even we think this is kind of
weird,” he says, “but it fits the data.”
However the brood emergences came
to be, they’re worth seeking out. “Cicadas are one of the big natural spectacles
of North America,” Karban says. For
those who missed the show this year,
he promises, one of the 15 periodical
broods will break out loud and dumb
somewhere almost any year. s
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Making mice more human using
mouse strains engineered to lack normal
immune systems, researchers have succeeded in transplanting part or all of the
human immune system into mice, including
many of the disease-fighting cells derived
from stem cells (right). a number of different
approaches (below) are used to transform
the mice, each with its own benefits. key to
the efforts’ success has been the creation
of mice with human genes that foster the
growth and development of the human
immune components added to the mice.
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as if two years had passed instead of one. that big, prime numbers (divisible only
But why so long underground? by one and themselves) are even better.
Karban’s answer is basically, why not? Predator populations can rise and fall in
A long immature period may have more cycles too. If cicadas had a 12-year cycle
Tree ofadvantages
life diagrams
depict the history of animal lineages as they
than disadvantages. Again he instead of a 13-year one, for example,
evolved over time. Each branch represents a lineage that shares an ancestor
has gone digging. His samples of cicadas they would coincide more frequently
with all of the animals that branch after the point where it splits from the
from underground don’t show much evi- with big years of any predators on two-,
tree. biologists traditionally build trees by comparing species’ anatomies;
dence of premature death by predator three- or four-year cycles.
now they also compare dna sequences.
Those big, prime numbers might also
attack. And spending more time growing
may mean bigger bodies with the power minimize unfortunate hybridization
to have more offspring. The 17-year cica- between cicadas timed to breed on difdas he unearthed in the Midwest were in ferent cycles, Cox suggests. When such
the process of forming more eggs than cicadas’ reproductive years coincide, any
cross-breeding could doom offspring.
13-year ones living nearby.
A long development time could also Their half-brood genes could lead them
spongeshave been a cnidarians
comb Jellies
in animals
some intermediate
big boon for surviving
the to reproduceother
ice ages, says geologist Randy Cox of the year between mom’s and dad’s regular
University of Memphis, who has ana- cycle. Without the company of millions
lyzed how climate affects the pattern of of pure-broods, hybrids would be easy
cicada emergences. During ice ages, he pickings for predators and reproducnerve net
tive dead-ends for their family lineages.
points out, even southern refuges had
chilly years, and a really cold spell could But with life spans of 13 and 17 years, the
bilateral of broods on
wipe out a population. The longer a cica- simultaneous emergence
symmetry
happens only once
da’stree
cycle, the fewer times populations different schedules
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