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LEADERS

FOUR billion magnificent trees. 
One deadly Asian fungus. That 
was around a century ago. By 
the 1950s, the fungus had won, 
almost completely wiping out 
the American chestnut, an iconic 
species loved by the public.

The disease also deprived 
the US of a quarter of its native 
hardwood, a rot-resistant material 
used to make log cabins, posts, 
poles, flooring and railroad 
sleepers. Gone, too, were the 
edible chestnuts that once roasted 
on an open fire.

Now, however, the American 
chestnut is on the brink of a 
comeback, thanks to a 20-year 
genetic engineering project. By 
adding a single gene from wheat, 
researchers have created fungus-
resistant trees that pass their 
resistance on to their offspring 
and, hopefully, subsequent 
generations too (see page 15). 
Modified strains that are even 
more resistant are not far behind.

The project is the first to use 
genetic modification to rescue a 
threatened species from oblivion. 
Since 2006, more than 1000 
modified chestnut trees have 
been planted in contained plots, 
and now the researchers are 
preparing to apply to plant them 
in the wild. For this, they will need 

GM nuts on the horizon

“Die-hard campaigners are 
unlikely to hold back, given 
their resistance to GM that 
might help feed the world”

A la carte chemicals

The American chestnut project will be a test of public opinion

to get permission from the US 
Environmental Protection Agency 
and Department of Agriculture. 
And because chestnuts are edible, 
they will also need to convince the 
Food and Drug Administration 
that they are safe to eat.

If all goes to plan, in around 20 
years the American chestnut will 
have reclaimed its former glories. 
But the project is maturing at a 
time when US public opposition 
to GM is on the rise. Vermont has 
become the first state to require 
mandatory labelling of GM food; 

similar legislation is being 
considered in 29 other states.

This is partly down to a general 
desire for transparency, but it is 
also due to the rise of radical 
anti-GM activists, who have begun 
using tactics similar to those that 
helped destroy the prospects for 
GM technologies in Europe 20 
years ago: chiefly, sowing doubt in 
the minds of the general public. 

Against this background, it will 
be worth watching the reaction to 
the modified chestnuts closely. 
Die-hard anti-GM campaigners 

are unlikely to hold back, given 
their resistance to projects that 
might help feed the world or 
improve global health. 

Will the US public at large 
share their hostility? Hopefully 
they will instead appreciate the 
potential that biotechnologies 
hold for conservation efforts – 
albeit in ways that may take some 
getting used to – and permit a 
balanced, evidence-based debate.

It may turn out that modified 
chestnuts pose an unacceptable 
risk, though it is hard to envisage 
how that could arise. It might also 
be that any sort of high-tech 
intervention in the “untouched 
wilderness”, GM or otherwise, is 
considered less appealing than 
letting nature take its course – even 
if that means decline. In that case, 
a rival project using conventional 
means to breed resistance – 
although it will be weaker than 
the GM variety –may be a more 
acceptable compromise. 

Given the tensions at play, the 
project will be a critical test of 
public opinion over whether GM 
has a place in conservation. Right 
now, you wouldn’t bet on it. But it 
is a question that deserves to be 
debated properly: the fate of a 
species should not be determined 
by fear and prejudice.  ■

SPHERIFICATION, liquid nitrogen, 
foams and airs. In 1988 we 
were introduced to molecular 
gastronomy – a smorgasbord of 
science-based techniques that 
transformed cuisine into theatre. 

Molecular gastronomy now 
feels almost as clichéd as the 
stodgy classical cooking it sought 
to challenge. So it is interesting to 
see the chef-cum-chemist behind 
the idea, Hervé This, promoting a 

kitchen innovation called note-
by-note cooking. The basic 
concept is to build foods from the 
bottom up using basic chemical 
compounds, many of which can 
be synthesised in a lab, to recreate  
familiar flavours and textures or 
invent new ones (see page 10). 
Potato meringue, anyone?

This time, though, the 
motivation goes beyond pure 
gustatory pleasure and touches 

on a far more important issue – 
sustainability. Note-by-note 
cooking is part of a wider 
movement of researchers and 
companies that are looking to 
create food with the least amount 
of damage to the environment.

Not all of their creations sound 
appetising –  the much touted 
“food substitute”, Soylent, for 
example, is a repulsive-looking 
chemical slurry. But with creative 
chefs involved, there is hope that 
we can carry on eating well, in 
every sense of the word.  ■
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IT PAYS to know your enemy.  
The UK government has 
3D-printed at least one gun to try 
and understand how much of a 
threat the technology presents, 
New Scientist has learned. 

Researchers at the Home 
Office’s Centre for Applied Science 
and Technology (CAST), which 
advises the government on 
scientific issues related to crime 
prevention, printed a gun based 
on plans downloaded from the 
internet, but it failed to fire.

CAST researcher Richard Lacey 
told the Home Office Science 
Advisory Council (HOSAC) about 
the experiments in July last year.

CAST is also investigating 
3D-printing handcuff keys, 

drones, batteries, electronics and 
body parts, Lacey told HOSAC.

The Home Office would not 
confirm whether it used plans 
produced by Defense Distributed, 
a US group that released 
blueprints for an all-plastic 
weapon called the Liberator last 
year. In November, the Home 
Office explicitly prohibited the 
manufacture and possession of 
3D-printed guns without the 
authority of the Home Secretary.
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Printed gun flops

UPFRONT

“The gun was 3D-printed 
from plans downloaded 
from the internet, but it 
failed to fire”

ENTER the Dragon. A privately 
built space taxi, the Dragon V2,  
is ready for passengers.

Made by SpaceX of Hawthorne, 
California, the Dragon V2 is a 
modified version of the pilotless 
capsule now being used by NASA 
to ferry cargo to and from the 
International Space Station. 

The crew module can seat seven 
and has a set of touchscreen 
control panels. But the most 
radical aspect of the redesign is 
the landing gear, which will allow 

Space taxi unveiled

US plans to cut emissions
PINCH yourself. The US has taken 
its first big step towards cutting its 
greenhouse gas emissions. It has set 
targets for existing power plants.  
The move could be a breakthrough in 
the fight against climate change.

The US Environmental Protection 
Agency (EPA) presented the draft 
plan on Monday. By 2030, emissions 
from existing power plants should 
fall to 30 per cent below 2005 levels. 
Power plants account for 40 per cent 
of US emissions.

“This is very clearly the most 
significant action on climate change 
the US has ever taken,” says David 
Waskow of the World Resources 
Institute in Washington DC.

Republican opposition has 
scuppered US president Barack 
Obama’s attempts to pass a law on 
climate change. But the Clean Air Act 

offers a back door to controlling 
emissions. It makes the EPA 
responsible for harmful pollutants like 
CFCs and mercury. The US Supreme 
Court ruled in 2007 that this also gives 
the EPA authority to regulate CO2.

Under the EPA’s proposal, individual 
states can choose how to cut the joint 
emissions of their plants. Experts say 
the most cost-effective way is to 
improve energy efficiency – think 
more efficient light bulbs and motors. 
States could also boost renewables or, 
for power stations that emit lots of 
CO2, use carbon capture and storage.

Jobs may go in the coal industry, but 
boosting renewables will create more. 
Electricity rates could go up because 
suppliers must buy new kit, but 
savings may outweigh that cost. The 
US Natural Resources Defense Council 
estimated on Friday that a 36 per cent 

emissions fall would cut the average 
household electricity bill by $103  
a year. Efficiency is key to this.

“This really could trigger some 
fundamental changes in our 
electricity system,” says Kyle Aarons 
of the Center for Climate and Energy 
Solutions in Arlington, Virginia.

The US cuts may boost the global 
talks aimed at avoiding dangerous 
climate change, which have been 
deadlocked for years because of 
conflict between high-emitting rich 
nations and vulnerable poor ones. 
Poorer countries like China have been 
reluctant to cut emissions unless the 
US does, and the US has long refused.

This picture may be changing. The 
day after the EPA released its plan, 
Reuters reported a senior figure in 
the Chinese government saying it 
would cap its emissions from 2016.
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IT’S a nationwide food fight. 
First lady Michelle Obama, the 
outspoken champion of healthy 
eating in the US, is taking on the 
Republicans in Congress who want 
to roll back standards for school 
meals. Republicans argue that 
healthy meals are too costly, and 
the fruit and veg that children 
refuse ends up being scrapped. 

The new-look lunches were 
introduced in 2012 as part of a 
national campaign, but media 
reports last week suggested that 
kids are rejecting them. It is a 
serious issue: around 13 per cent 

of US children are now clinically 
obese, according to an analysis of 
a World Health Organization 
study (The Lancet, doi.org/szv). 
This could reduce the nation’s 
average life expectancy. 

Forcing children to have 

healthy food in their meals can 
increase how much is thrown 
away, but this could be curbed by 
giving vegetable dishes more 
attractive names, researchers say.

Healthy food feud
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Guinea worm turns
SO NEAR – and yet so far. Health 
workers in South Sudan are close 
to making the parasitic guinea 
worm only the second human 
disease ever to be eradicated. Just 
11 cases have been seen this year in 
the country, the worm’s last major 
stronghold, compared to 55 this 
time last year. 

But this might not last. Violence 
between the Dinka and Nuer 
ethnic groups is disrupting vital 
agriculture, and the wet season 
has begun, spreading cholera and 
malaria. The UN has warned that 
by December, half of the country’s 
people “will be displaced, starving 
or dead”. Poverty and scarce water 
have led to raiding between cattle 
herders in the past, and such 
disruptions have helped the guinea 
worm hang on, say health experts 
with the Guinea Worm Eradication 
Program, run by the non-profit 
Carter Center in Atlanta, Georgia.

The current violence is more 
intense – foreign project staff had 
to flee the country when it first 
flared in December, but were back 
by January, says project leader 
Ernesto Ruiz-Tiben. Worm cases 
peak mid-year, and health workers 
isolate people for treatment and 
to stop larvae spreading. If 
workers are forced to flee again 
and the infection spreads it could 
put eradication back years. –Must have been something I ate–

astronauts to set the spacecraft 
down on solid ground.

The current version of Dragon 
deploys a parachute as it descends 
and splashes down in the ocean. 
Dragon V2 instead comes with 
SuperDraco engines, each capable 
of producing more than 70,000 
newtons of thrust. 

“You’ll be able to land anywhere 
on Earth with the accuracy of a 
helicopter,” said SpaceX CEO Elon 
Musk at an unveiling event at the 
firm’s headquarters last week. The 
engines can be refuelled after each 
flight, reflecting SpaceX’s goal of 
developing spacecraft and rockets 
that are fully reusable.

60 SECONDS

Xe-rated
Ignoble gases? Xenon and argon 
can apparently help athletes cheat, 
so are being added to the list of 
substances banned by the World 
Anti-Doping Agency. WADA says  
that inhaling the gases can stimulate 
the production of red blood cells, 
potentially boosting performance. 

Doomed planets
Astronomers have stamped two 
exoplanets with an expiry date 
after discovering they will soon be 
consumed by their star. As the star 
ages and expands to become a red 
giant, planets Kepler-56b and 56c 
will be destroyed – in just 130 million 
and 155 million years, respectively. 

Cancer buster
Advanced melanoma, the most 
serious form of skin cancer, may be 
on the run. Of 17 patients receiving a 
mixture of the drugs nivolumab and 
ipilimumab, 16 were alive after one 
year and 15 were still alive after two. 
In addition, 69 per cent of 411 
patients receiving a drug called 
MK-3475 were alive after one year, 
according to the American Society 
of Clinical Oncology. Only half of 
patients receiving standard 
chemotherapy survive one year.

Tree-huggers are cool
Koalas spend most of their time 
asleep, curled around the branches 
of eucalyptus trees. Far from being 
lazy, this tree-hugging turns out to 
be an efficient way to keep cool, so 
koalas only lose half as much water 
as sweat as they otherwise would 
(Biology Letters, DOI: 10.1098/
rsbl.2014.0235).

Zebra crossing
Herds of several thousand zebras 
take a round trip of 500 kilometres 
each year between Botswana and 
Namibia, the longest migration ever 
recorded for a mammal in Africa. 
Researchers discovered the trek 
after attaching GPS tracking 
collars to eight females (Oryx, DOI: 
10.1017/50030605314000222). 

Drug may poison Europe’s eagles
IT’S not exactly a gold standard 
treatment. A painkiller that virtually 
wiped out many of India’s vultures is 
now threatening birds of prey in 
Europe and Africa. Golden eagles 
may be among the species at risk.

India’s Gyps vultures have declined 
in numbers since the 1990s because 
of the use of a drug called diclofenac 
in cattle. When the birds fed on 
animals that had been given the 
painkiller, the drug damaged their 
kidneys, killing them.

It now seems that diclofenac also 
harms eagles. Anil Sharma and his 
team at the Indian Veterinary 
Research Institute in Izatnagar 
studied dead steppe eagles (Aquila 
nipalensis) from north India. They 
saw signs of kidney failure, and traces 

of diclofenac (Bird Conservation 
International, doi.org/s2n).

Steppe eagles may not be the 
only ones at risk. At least five of the 
eight Gyps species are susceptible 
to diclofenac, so the other 13 Aquila 
species may be vulnerable if the 
steppe eagle is. That includes several 
in south Asia and Africa, and Europe’s 
golden and Spanish imperial eagles.

All scavenge cattle and are now 
exposed. Diclofenac was registered 
for use in Italy and Spain in 2013 and 
has been sold in Africa since 2007. 

The Vulture Conservation 
Foundation wants diclofenac banned 
in Europe. But the group says that so 
far officials are only offering to warn 
about toxicity on the label. That will 
not stop it reaching birds.

“Republicans argue that 
healthy meals are too 
costly, and fruit and veg 
ends up being scrapped”
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TIME to wave goodbye to Earth’s 
fiery twin. Next week, a European 
spacecraft will start a series of 
dives into the hellish atmosphere 
of Venus, marking the beginning 
of the end for the only probe now 
orbiting the planet.

The dives will take the craft, 
called Venus Express, deeper into 
the atmosphere than it has gone 
before, allowing it to record 
conditions in a largely unstudied 
region. It will also be a test of the 
spacecraft’s endurance as it drags 
itself through the planet’s thick air, 
which will provide valuable data 
for future interplanetary missions.

Venus Express may not 
survive the month-long campaign 
of daredevil plunges. Even if it 
does, the craft will run out of fuel 
later this year. No dedicated probe 
is due to launch in the next 
decade, and a damaged Japanese 
craft has just a slim chance of 

making it there next year.
But there is still so much to 

discover about our neglected 
neighbour. Better knowledge of 
Venus could help answer two of 
the most important questions in 
modern science: how is Earth’s 
climate changing, and are we 
alone in the universe?

“Venus is so similar to Earth 
and yet so different,” says 
project scientist Håkan Svedhem 
at the European Space Agency 
(ESA). “One really needs to 
understand Venus to understand 
all terrestrial planets.”

At first glance, Venus seems 
nothing like Earth. It is shrouded 
in a haze of carbon dioxide, with 
toxic sulphuric clouds and 
temperatures topping 450 °C. 
Its surface is bone dry, and the 
air pressure is high enough to 
rupture the hull of a submarine. 

However, Venus is almost 

exactly the same size and mass 
as Earth, and is made from similar 
materials. It is thought to have 
started out with a water-rich 
atmosphere like Earth’s, which 
may even have made the surface 
briefly habitable. But Venus  
is closer to the sun and lacks a 
global magnetic field, which is 

what protects Earth from our 
star’s harshest rays. 

Without this shield, young 
Venus was blasted by radiation 
that boiled away most of the water 
in its air, leaving dense carbon 
dioxide and triggering a runaway 
greenhouse effect. 

“Venus is like a controlled 
experiment: what would happen 

if you took another Earth and 
started it off in slightly different 
conditions,” says David 
Grinspoon, a NASA astrobiologist 
who worked on Venus Express.

During its eight years in orbit, 
the Venus Express mission has 
made many discoveries about our 
“evil twin”, most notably about 
the planet’s wind patterns. 

“It has really been our first 
weather satellite on another 
planet,” says Grinspoon. “A lot  
of advantages have come from 
observing it over a long period of 
time and seeing the patterns of 
changes in the atmosphere.”

Oddly, feeding atmospheric 
data from Venus Express into a 
variety of climate models throws 
up some surprising results. While 
these simulations can faithfully 
reproduce conditions on Earth, 
they all fail to recreate the climate 
of Venus, says Svedhem. Figuring 
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“Studying Venus could  
help us answer important 
questions like, are we 
alone in the universe?”

–So long, evening star–

Last dive into Venus
But a return could unlock some big cosmic mysteries, says Jacob Aron



7 June 2014 | NewScientist | 9

out why could tell us about the 
underlying processes of climate 
change, and perhaps improve our 
models of climate on Earth.

Such knowledge would also be 
useful to astronomers hunting for 
Earth-like worlds elsewhere in the 
galaxy. At the moment, we are 
able to identify planets with a 
similar mass and radius to Earth 
that orbit their stars at the right 
distance to support liquid water.

Technically, Venus falls into this 
category, so worlds that look 
friendly from afar may be hellish 
up close. “If we can’t figure out 
Venus, we have no chance of 
predicting conditions on 
exoplanets,” says Grinspoon.

Daring dives
For its swansong, Venus Express 
will perform aerobraking, a way to 
reduce the speed of a spacecraft 
and so reduce its altitude. This lets 
an orbiting probe get much closer 
to a planet’s surface and study it 
in greater detail. 

On 18 June, Venus Express will 
take its first dip into the clouds, 
where it will record the effects of 
friction from the atmosphere. 
During a series of these dives until 
11 July it will also take readings on 
the atmosphere’s density and 
composition. 

ESA has never attempted 
aerobraking before, so lessons 
from the Venus experiment will 
be valuable for future probes. For 
instance, the agency plans to use 
the technique when the ExoMars 
satellite arrives at the Red Planet 
in 2017, says ESA’s Olivier Witasse.

Learning more about 
aerobraking could also be useful 
for human missions. A related 
manoeuvre, called aerocapture, 
would help spacecraft land on 
Mars or return to Earth without 
needing prohibitively large 
landing rockets.  

“People think the hard part 
of space travel is going as fast as 
you can,” says Grinspoon. “There 
is also the hard part of slowing 
down when you get places, 
because you need a big rocket for 

In this section
■ The future of eating, page 10
■ Learning a language protects the brain, page 14
■ Underwater Iron Man dives for treasure, page 19

the past decade, Russia has been 
talking of a follow-up to the Soviet 
Union’s successful Venera series 
of probes in the 1960s and 70s. “It 
is not doing very well,” says Oreg 
Korablev at the Space Research 
Institute in Moscow. “The Russian 
programme is dominated by 
lunar exploration.” The mission, 
known as Venera-D, is set for a 
2024 launch at the earliest.

Geopolitics has also become an 
obstacle. Last December, NASA 
expressed interest in a Venera-D 
collaboration. Then Russia 

invaded Crimea and NASA drew 
back from most joint operations.

In 2012, the Indian space 
agency, ISRO, announced that a 
Venus orbiter would be launched 
next year, but no details have 
emerged since then. That leaves 
the Japanese space agency, JAXA. 
Its Akatsuki probe tried to enter 
Venus orbit in 2010. Though it  
was unsuccessful, due to engine 
damage, the craft is swinging back 
for another try next year.

Mars, meanwhile, enjoys much 
greater popularity. Two spacecraft 
are en route, and at least four 
more are set to launch in the next 
decade (see chart, left). Venus 
Express only exists because ESA 
threw together spare parts from 
its Mars Express mission.

The difference in attitude to  
our two nearest planets is partly 
technological. On the surface of 
sweltering Venus, robotic probes 
survive for no more than a few 
hours. Even then, power is a 

problem. Other probes use solar 
panels, but thick clouds makes 
this impossible on Venus.

The cloud barrier might be a 
mental block, too. “Imagining 
ourselves going there is easier on 
Mars. That’s a big part of it,” says 
Grinspoon.

Geoffrey Landis at the NASA 
John Glenn Research Center in 
Cleveland, Ohio, is working on 
Venus-specific technology, 
including electronics that operate 
at high temperatures and a solar-
powered plane that would direct a 
rover on the ground.

Perhaps an ambitious rover 
mission is key to reigniting 
interest in Venus. “We’ve 
discovered how fascinating Mars 
is because we have been able to 
land on the surface and rove 
around,” says Landis. “If we could 
drive around on Venus, we would 
discover: wow, it is just as 
interesting as Mars.”  ■

that or you just keep going.” 
If Venus Express survives the 

ordeal, the plan is to take the 
probe back into a higher orbit and 
continue observations until its 
fuel runs out.

Many questions will remain 
unanswered, including whether 
the planet is still volcanically 
active, and whether life could 
have thrived in the planet’s past.

However, neither NASA nor ESA 
has plans for another dedicated 
Venus mission. And other space 
agencies hold only faint hope. For 

Neighbourly visits
Since the dawn of the space age, Venus and Mars have had dozens of attempted 
visits and several notable successes (in white). But in recent years attention 
has shifted away from Venus. When ESA’s Venus Express mission ends this year, 
our “evil twin” will truly be on its own
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MOM (ISRO) First 
successful Indian launch

Akatsuki (JAXA) 
Failed first orbit 
attempt; will try 

again in 2015

Venera 9 (USSR)
First successful orbiter

Venera 7 (USSR) First 
to transmit data from 
the surface

Mariner 2
(NASA) First 
successful fly-by

Venus Express (ESA) Mars Express (ESA) First 
successful European mission

Viking 1
(NASA)
First
successful 
lander

Mariner 9 (NASA) 
First successful 
orbiter

Mariner 4 (NASA)
First successful fly-by

“ If we could drive around  
on Venus, we would 
discover: wow, it is just  
as interesting as Mars”
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WHEN Pierre Gagnaire, a chef 
with three Michelin stars, and 
Hervé This, the man who coined 
the term “molecular gastronomy”, 
are standing before you, you 
expect a decent meal. A tender 
loin of venison, a touch of 
samphire, perhaps an “air” or two.

Instead, This opens up a brown 
leather medical bag packed with 
bottles that have labels like 
“Maltodextrin”, “Citric acid” and 
“Allyl isothiocyanate”. He pours a 
few teaspoons of various powders 
into a pan, adds some water and 
heats it all up. A few minutes later, 
he presents a beige pancake.  
It tastes like meat and potato.

I’m in Paris, at the awards for 
the second International Contest 
of Note by Note Cooking. Whereas 
molecular gastronomy uses 
scientific techniques to induce 
weird and wonderful chemical 
transformations in traditional 
ingredients, note-by-note cooking 
goes a step further: it uses 
chemical reactions to produce 
meals from chemical compounds 
and cooking alone. “When you 
create dishes from compounds, 
you can design the shape, the 
colour, the taste, the odour and 
the nutritional aspects of your 
dish from scratch,” says This.

Although still in its infancy, 
the concept goes beyond artistic 
endeavour. With the population 
expected to increase by 2 billion 
people by 2050, there is a 
desperate need for new ways of 
creating more sustainable food. 

Note-by-note cooking isn’t 
the only concept hoping to shake 
up the global food industry. A 
number of new companies are 
engineering alternative foods 
in the attempt to overcome the 
ethical, environmental and 
economic problems that burden 
our food chain.

The first official note-by-note 
dish was created by Gagnaire in 
2009. It consisted of a crispy 
caramel strip, lemon sorbet and 
jelly pearls that tasted like apple – 
minus any caramel, lemon or 
apple. To create such a dish, you 
first have to understand what 

SPECIAL REPORT FUTURE OF EATING

Chemical cuisine
Pork meringue? Eggs minus the chicken? Helen Thomson 
explores alternative dishes that may shake up the food chain
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–Hervé This cooks up a storm–
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chemicals give foods their taste, 
structure and aroma, using 
techniques such as mass 
spectrometry to identify the 
constituent parts. These building 
blocks can be extracted from 
animal or plant tissues or 
made artificially. 

For example, maltodextrin, 
a chemical that improves the 
texture of low-fat foods and beer, 
is produced by hydrolysing starch. 
Methional, a flavour compound 
that tastes like potato, is 
synthesised in the lab.

Such structural and flavour 
compounds are then combined, 
along with any desired vitamins 
and minerals, and cooked to make 

an edible substance – one that 
could have, say, the texture of a 
meringue but the flavour of roast 
pork. “We’re not trying to recreate 
a chicken or a carrot: it wouldn’t 
be as good as the real thing,” says 
This. “It is much more exciting to 
investigate dishes that have never 
been envisioned using traditional 
ingredients. Whole new flavour 
continents can be discovered.”

During the awards ceremony, 
This gives me a taste of some 
typical compounds used in note-
by-note cooking. I dip my finger 
into a jar of powdery 2-heptanone – 
it tastes exactly like Gorgonzola 
cheese. Next, a few grains of allyl 
isothiocyanate explode in my 
mouth like Dijon mustard.

There were 73 entries this year, 
including one from a 10-year-old 
boy from Belgium. One prize 
was won by Ciaran Doyle and his 
colleagues at the Dublin Institute 
of Technology in Ireland. Their 
meal was roast chicken tuiles with 
rosemary pearls, a lemon mash 
and a potato meringue. “We 
wanted to make foods that 
sounded familiar,” says Doyle. 
The dish combined structural 
compounds such as gellan gum – 
a polysaccharide produced by 

bacteria – with flavour chemicals 
including 2-methyl–3–furanthiol, 
which gives the taste of chicken, 
and verbenone and borneol to add 
a hint of rosemary (see “Roast 
dinner with a twist”, above).

Rather than providing meals 
with all the essential nutrients, 
the chefs presenting their fare 
were more concerned with 
demonstrating that such 
chemical cuisine was a feasible 
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ROAST DINNER WITH A TWIST
Note-by-note cooks create meals 
from food’s constituent chemicals. 
Here’s a lovely roast for you to 
attempt at home.

ROAST CHICKEN TUILES
Ingredients: 275 millilitres water, 
30 grams maltodextrin, 10g icing 
sugar, 1.5g gellan gum, 3 drops 
of 2-methyl-3-furanthiol

Mix all the dry ingredients together 
and slowly stir in the liquid. Bring to a 
simmer, before putting the bowl in a 
basin of ice to cool. Stir while cooling, 
until cold. Spread on a non-stick tray 
and bake at 100 °C for 80 minutes, 
until crisp.

POTATO MERINGUE
Ingredients: 150ml water, 
150g sucrose, 60ml methional oil, 
30g albumin powder
 
Place the ingredients in a bowl and 
whip until light, soft peaks have 
formed. Spread the mixture on a 
non-stick tray and bake at 90 °C for 
5 hours.

For daily news stories, visit newscientist.com/news

“ Whole new flavour 
continents can be 
discovered by exploring 
untraditional ingredients” 

concept. “We’re trying to get the 
idea across that we don’t have to 
grow food products, we can make 
good alternatives with the same 
nutrients and constituent parts in 
a lab,” says Doyle.

They’re not alone. Soylent, a 
beige concoction of 30 ingredients 
that is claimed to satisfy all the 
body’s nutritional needs, has been 
developed by Silicon Valley 
software engineers who claim 

they have no time to eat normally.
In San Francisco, food scientists 

at Hampton Creek are trying to 
create the perfect egg – with no 
chickens in sight. They are 
analysing thousands of plant 
proteins to identify those that can 
be used to replicate an egg’s taste, 
nutritional value and cooking 
properties. Their aim is to create 
egg-based products without 
needing to intensively farm 
chickens. Their first product – an 
egg-free mayonnaise called Just 
Mayo – is now sold in Whole Foods 
shops in the US and Europe. 

“There’s a real ethical issue with 
the production of eggs and the 
condition that caged birds live in. 
If we can replace some foods that 
normal consumers eat using plant 
proteins then we can relieve some 
of those issues,” says Lee Chae, 
Hampton Creek’s director of 
bioinformatics.

Protein library
Because intensive farming of  
just a few plant species can harm 
biodiversity and reduce the 
richness of soil, Chae says the 
company aims to identify several 
different species with the same 
functional properties. “When we 
have a large enough library of 
proteins, we hope we can switch 
between using different plants 
each year for the same product.”

The company was recently 
endorsed by Bill Gates, who said 
that it offers a potential solution 
to the increasing and ultimately 
unsustainable demand for food. 
The Bill & Melinda Gates 
Foundation also funds Beyond 
Meat in California, which is 
experimenting with new 
technologies to turn plants into 
foods that taste indistinguishable 
from beef and chicken.

Alongside sustainability, such 
products may offer a healthier 
alternative to traditional foods. 
For example, Nu-Tek Food Science 
based in Minnetonka, Minnesota, 
another company funded by 
Gates, has produced a salt product 
with only a fraction of the 

LEMON POTATO MASH
Ingredients: 2g dried citric acid, 
120ml methional oil, 80g maltodextrin, 
1 drop yellow food colouring

Simply blend the ingredients until 
a fine soil-like texture is achieved. 

ROSEMARY PEARLS
Ingredients: 396ml water, 2g sodium 
alginate, 1g calcium chloride, 1 drop 
of rosemary flavour (made from 
alpha-pinine, camphine, eucalyptol, 
verbenone and borneol)

Blend the flavouring, sodium  
alginate and half the water together. 
Place the bowl in the chamber of a 
vacuum-packing machine. Vacuum 
on full pressure. Stop before the 
liquid overflows. Repeat until all 
the air bubbles are gone. 

Mix the remaining water and 
calcium chloride together, adding 
droplets of the sodium alginate 
mixture. When sodium alginate 
reacts with the calcium, it forms 
pearls of gel encasing the liquid. 
Serve immediately.

–What, no gravy?–

>
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sodium, and Hampton Creek’s egg 
substitutes contain less cholesterol 
than the real thing. Designers of 
note-by-note meals, on the other 
hand, can include extra nutrients 
or remove potentials allergens 
at will. “If you don’t want these 
things in a note-by-note dish, you 
just don’t put them in,” says This.

Not everyone is convinced. 
“We’re generally opposed to these 
developments,” says Richard 
Young, policy director at the UK’s 
Sustainable Food Trust. While he 
admits that using plant proteins 
to replace meat and eggs might 
go some way to addressing 
problems with food supply and 
sustainability, he says there are 
hidden costs associated with any 
food production. 

For example, you might buy a 
cheap meat-substitute made with 
plant protein, but the pesticides 
that protected those plants have 
to be removed from drinking 
water, which is incorporated into 
the price you pay for your water 
bill. If there were policies which 
worked out the hidden costs of the 
food we eat, then the price of food 
would change and people might 
eat more sustainably, he says.

The challenge to create a 
sustainable food supply for the 
growing population is so large 
that all efforts are needed, says 
Johan Rockström, professor of 
environmental science and 
sustainability at Stockholm 
University in Sweden. He is also 
chairman of the Stockholm Food 
Forum, which last week brought 
together scientists, businesses and 
politicians to discuss solutions to 
the sustainable food problem. 

“If there is a niche for synthetic 
meats or eggs then that niche is 
welcome,” Rockström says,  
“but we can’t fall into the trap of 
screwing with our climate and 
then ignoring it by creating high-
tech food sources – we have to 
work on the system we’ve got.”

While these alternative foods 
cannot be a true substitute, 
Rockström says, they can be a 
complement. “And it’s certainly 
an exciting one.”  ■

SPECIAL REPORT FUTURE OF EATING

“ People with a particular  
gene variant respond 
differently to certain  
fats in their diet” 

COULD your ideal diet be written in 
your genes? That’s the promise of 
nutrigenomics, which looks for 
genetic differences in the way 
people’s bodies process food so that 
diets can be tailored accordingly. 

The field had a rocky start after 
companies overhyped its potential, 
but with advances in genetic 
sequencing, and a slew of new 
studies, the concept is in for a reboot. 

Last week, Nicola Pirastu at the 
University of Trieste, Italy, and his 
colleagues told the European Society 
of Human Genetics meeting in Milan 
that diets tailored to genes that are 
related to metabolism can help people 
lose weight. The team used the 
results of a genetic test to design 
specific diets for 100 obese people 
that also provided them with 600 
fewer calories than usual. A control 
group was placed on a 600-calorie 
deficit, untailored diet.

After two years, both groups  
had lost weight, but those in the 
nutrigenetic group lost 33 per cent 
more. They also took only a year to 
lose as much weight as the group on 
the untailored diet lost in two years. 

If this is shown to work in bigger, 

randomised trials, it would be 
fantastic, says Ana Valdes, a genetic 
epidemiologist at the University of 
Nottingham, UK. 

Some preliminary information  
will soon be available from Europe’s 
Food4Me project. It is a study of 
1200 people across several countries 
who were given either standard 
nutrition advice, or a similarly 
genetically tailored diet. “It’s testing 
whether we can get bigger changes 

in diet using a personalised approach, 
and part of that is using genetic 
information,” says team member 
John Mathers, director of the Human 
Nutrition Research Centre at 
Newcastle University, UK. 

Critics of nutrigenetics say we 
should just eat healthily regardless  
of our genes, but Mathers says the 
effects of even a healthy diet can vary 
according to someone’s genetics. For 
instance, the APOE gene is linked to 
the breakdown of fat, and one variant 

of it confers a higher risk of getting 
cardiovascular disease and dementia. 
“People with that variant respond 
differently to certain fats in the diet,” 
he says. Another gene affects how 
much vitamin B9 people need. 

Mathers thinks there is potential  
to boost health with tailored diets, 
especially with the more accurate 
genetic sequencing now available.  
But just having the information 
doesn’t tell us what to do with it, he 
says. “The challenge is working that 
out, and that’s what we’re doing.”

Genetic research could also enable 
fussy eaters to get all the nutrients 
they need by finding the genes that 
affect taste preference. 

Pirastu’s team has found 17 genes 
that seem to be associated with liking 
specific foods such as broccoli, bacon, 
coffee and white wine. The team is 
trying to untangle which compounds 
in the food cause the effect. 

The hope is that this kind of work 
should eventually allow for the design 
of foods, or cooking methods, tailored 
to people’s preferences that make 
healthier foods more appetising. For 
example, if people don’t like spinach, 
you could mask the compound they 
dislike by cooking it in certain way or 
adding a supplement, Pirastu says. 
This could be beneficial for people 
who dislike whole food groups, he 
adds.  Catherine de Lange  ■

Unravel epicurean genes 
to let us all eat healthily
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–It’s hard to ignore our taste genes– 
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THIS WEEK

FEEL too old or too stupid to learn 
a second language? It may be 
worth persevering. A study that 
tracked hundreds of Scottish 
people for decades is the strongest 
evidence yet that speaking an 
extra language slows the mental 
decline that accompanies ageing. 
The benefits hold regardless of 
your IQ and even if you learn your 
second tongue as an adult.

Previous studies have shown 
that people with Alzheimer’s 
disease who are fluent in two 
languages exhibit symptoms of 
the condition four or five years 
later than people who are 
monolingual, and that people 
who are bilingual perform better 
in some cognitive tests. However, 
it has been difficult to disentangle 
the effects of knowing multiple 
language from other factors.  
For example, some studies have 
compared bilingual immigrants 
and their families with 
monolingual natives.

To resolve the issue, 
Thomas Bak of the University 
of Edinburgh, UK, and his 
colleagues turned to the Lothian 
Birth Cohort study, which  
has tracked about 1100 people 
born in 1936 in and around 
Edinburgh. All were monolingual  

English speakers at age 11, when 
they had taken a battery of 
cognitive tests.

The study wasn’t designed 
to investigate language effects. 
But 853 of the participants were 
tracked down when they were in 

their early 70s. It transpired that 
almost one-third, or 262, of them 
had learned to speak at least one 
additional language and that 65 
had learned it after the age of 18.

As a result, the study provides a 
unique research opportunity, says 
Ellen Bialystok at York University 
in Toronto, Canada, who was first 
to discover that being bilingual 
delays the onset of Alzheimer’s. 
“You have this absolutely 
homogenous sample of Scottish 

Learn a second language 
to slow mental decline 
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–Set for life–

“ Put together chicken 
feathers and carbon 
dioxide and you can make 
an important fertiliser”

TALK about killing two birds with one 
stone. Every year we ditch millions of 
tonnes of chicken feathers, and  
pump climate-altering carbon dioxide 
into the air. But combine the two in 
the right way and you can make an 
otherwise-scarce fertiliser.

More than 5 million tonnes of 
chicken feathers are produced 
globally every year. Most get thrown 

Dial up the heat 
to turn feathers 
into fertiliser

into landfill where they can sit for 
decades without breaking down.

Changle Chen of the University of 
Science and Technology of China in 
Hefei, Anhui Province, and colleagues 
have found a use for them. Heat 
chicken feathers to 600 °C for 3 hours 
in C02 and two useful substances  
form (Environmental Science & 
Technology, doi.org/s2h).

One is ammonium bicarbonate,  
a fertiliser and food additive. But  
even better, warm this substance to 
60 °C and it releases ammonia, an 
ingredient in urea, a superior fertiliser. 
Currently, 2 per cent of the world’s 

energy is consumed making ammonia, 
using the energy-intensive Haber 
process. Chen says that getting urea 
from chicken feathers instead could 
save some of this energy.

The second product is carbon 
micro-spheres, which Chen found  
can make a water-resistant coating. 
Alternatively, adding a catalyst turns 
them into carbon nanotubes, which 
have been used in everything from 

solar cells to biosensors.
“Sequestering carbon as 

ammonium bicarbonate or as urea is 
quite a smart idea,” says Walter 
Schmidt of the US Department of 
Agriculture in Beltsville, Maryland.

Chen’s idea for chicken feathers  
has some competition. They can also 
be turned into plastic, or hydrogen 
fuel cells. Another group uses their 
complex structure to make composite 
materials like printed circuit boards 
and fashion materials. Breeders have 
even created featherless chickens, 
but these may suffer more and have 
not proved popular.  Michael Slezak  ■

kids – all monolingual – and you 
let them go off and have their lives 
and see what happens,” she says. 

Bak’s team gave the 
participants cognitive tests and 
compared these with the test 
scores from when they were 11. 
Those who had learned an extra 
language performed better in the 
cognitive tests in their 70s than 
would be predicted from their 
earlier scores, indicating that the 
extra language itself is beneficial 
(Annals of Neurology, doi.org/s3c). 

The strongest effects were on 
general intelligence and reading. 
This further suggests that the 
benefits are down to the extra 
language, because if they were 
simply due to greater intelligence, 
you would expect there to be a 
boost across all skills. “For the first 
time we address the chicken and 
egg question,” says Bak. His team 
found that the benefits to the 
ageing brain were comparable to 
physical activity, or not smoking.

Bialystok says the cognitive 
benefits seen in the Scottish study 
chime with her own work on 
bilingual people with Alzheimer’s 
disease, suggesting that the same 
beneficial processes are at work.

How could languages protect 
the brain? A leading theory is  
that people who speak several 
languages constantly activate all 
the available words in each one 
before choosing the appropriate 
expression, giving them a mental 
workout.  Catherine de Lange  ■
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Andy Coghlan

THE near-extinct American 
chestnut looks set to make a 
comeback. Trees genetically 
modified to survive a deadly 
fungus have made the first seeds 
with resistant genes. From these, 
countless resistant trees could 
grow in the wild. Biotechnology 
could save its first species.

About 4 billion American 
chestnut trees (Castanea dentata) 
once covered the US, accounting 

for a quarter of all hardwood trees 
in the country. But around 1900  
a lethal fungus was inadvertently 
imported in chestnut trees from 
Asia. By the 1950s, Cryphonectria 
parasitica had almost completely 
wiped out the native tree.

The American Chestnut 
Research and Restoration Project 
has spent 20 years trying to save 
the species. Led by William Powell 
and Charles Maynard of the  
State University of New York in 
Syracuse, the team has genetically 
modified trees to resist the 
fungus. It is the only conservation 
project to use biotechnology.

These “Darling4” trees contain 
a wheat gene called OxO, which 
codes for an enzyme that destroys 
an acid made by the fungus, 
preventing lesions from forming 
on the tree. The group has now 
infected leaves and stems of 
Darling4 trees with the fungus, 
and found that the trees and their 
offspring are more resistant than 
unmodified American chestnuts.

This resistance seems to be 
heritable through the seeds (Plant 
Science, doi.org/s2g). This will 
make restoration simpler, because 

growing trees from seed is faster 
than the current practice of using 
cuttings derived from the few 
surviving trees.

They are still less resistant than 
the Chinese chestnuts. But newer 
strains could change this. In a 2013 
study, the Darling11, Darling311 
and Darling215 strains surpassed 
Chinese chestnuts in the leaf and 
stem tests. Ordinary American 
chestnut leaves sustained damage 
over 119 square millimetres, and 
Chinese chestnut leaves over 38. 
In contrast, damage to some of 
the recently developed strains  
was just 5 square millimetres 
(Transgenic Research, doi.org/szc). 
It is not yet clear if these strains 
can pass on their resistance.

The goal is to plant the 
modified strains in the wild. 
“We hope to obtain regulatory 
approval for trees to be grown 
outside permitted plots within 
five years, at which point our 
transgenic trees could potentially 
be planted anywhere in the US,” 
says Maynard. “They will be 
distributed to the public in a not-
for-profit programme.”

Progress has also been made 
in a parallel project begun in the 
1970s. The American Chestnut 
Foundation in Asheville, North 
Carolina, is developing resistant 
trees by crossing American and 
Chinese chestnuts. This is a 
painstaking job: the most 
resistant crosses must be picked 
out from each generation, and the 
Chinese component bred out.

The latest generation is 94 per 
cent American chestnut, and has 
resistance similar to the Chinese 
species. These conventionally 
bred trees may be more popular, 
says Sara Fern Fitzsimmons of 
Pennsylvania State University 
in University Park. Some people 
in the US distrust genetically 
modified plants.  ■

Lost chestnut set 
for genetic revival
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–Growing resistance–

For daily news stories, visit newscientist.com/news

“The genetically modified 
chestnuts are more 
resistant to the fungus 
than normal chestnuts”
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SNUGGLE up, Pluto. The cold and 
distant dwarf planet may share a 
thin cloak with its largest moon.

Simulations show that nitrogen 
from Pluto’s atmosphere could be 
flowing over to its moon Charon. 
If this is confirmed, Pluto and 
Charon would be the first known 
example of a planet and its moon 
sharing an atmosphere.

Charon is almost half the size of 
Pluto and orbits much closer to 

the dwarf planet than our moon 
does to Earth. Studies in the 1980s 
suggested the two bodies might 
be able to exchange gases, but that 
work assumed Pluto’s atmosphere 
is made up primarily of methane, 
and that the gas was escaping at 
relatively high speeds. 

Since then, astronomers have 
found that Pluto’s atmosphere 
consists mainly of nitrogen, a 
heavier gas than methane, and that 

the escape rate is lower, so most 
astronomers dropped the notion.

Now Robert Johnson at the 
University of Virginia in 
Charlottesville and his team have 
updated models of Pluto’s upper 
atmosphere and found that it 
might be warmer, and so puffier, 
than previously predicted (Icarus, 
doi.org/szq). That means Pluto’s 
atmosphere may extend far 
enough into space for some gas 
to be pulled by Charon’s gravity, 
giving it a tenuous covering.
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Five times as many summer 
downpours for UK by 2100

BY 2100 southern England will be drenched by five 
times as many sudden summer rainstorms as it is today, 
probably causing more flash floods, according to an 
advanced climate model. Global warming will be to blame.

Sudden downpours can cause floods like the 2004 
deluge in Boscastle, Cornwall (pictured). But they are hard 
to simulate. The new model’s finer-grained resolution 
makes it possible. It is the first climate model in the world 
to work at such a high resolution, says Lizzie Kendon of 
the UK Met Office’s Hadley Centre in Exeter.

Kendon and her colleagues modelled the climate of 

southern England, comparing real weather from 1996 
to 2009 with that predicted for 13 years around 2100, 
assuming we keep burning lots of fossil fuels.

The model predicts a fivefold increase in severe bursts 
of summer rain, defined as 2.8 centimetres of rain in 1 hour 
(Nature Climate Change, doi.org/s2f). Showers of 3 cm 
per hour are likely to cause flash floods, and Kendon says 
such downpours will become four times as common.

The model was detailed enough to forecast warmth-
driven events called convective storms, which accounted 
for much of the predicted rise in downpours. 

The high resolution makes a big difference, says Paul 
O’Gorman at the Massachusetts Institute of Technology. 
Low-res models underestimate how many downpours 
and floods climate change will cause, agrees Kendon.

Pluto and its moon share a blanket

Teenage twist to 
Richard III spine 

TEENAGE years are tough –  
even for monarchs. It seems King 
Richard III of England was not a 
hunchback after all. But he had a 
different deformity that probably 
started in his teens. 

In 2012, a 500-year-old skeleton 
with a twisted spine, thought to 
belong to Richard, was discovered 
in a car park in Leicester, UK. 

Piers Mitchell at the University 
of Cambridge and his colleagues 
have now studied the spine in 
more detail with 3D CT scans. 

While the mid-portion was 
twisted, the actual vertebrae were 
relatively free from abnormalities 
(The Lancet, doi.org/f2r45f). This 
fits with a condition called 
adolescent idiopathic scoliosis 
that normally happens during the 
teenage growth spurt. But Richard 
may have coped well. Despite the 
mid-spine curve, his lower and 
upper back were aligned, Mitchell 
says. “The good bits effectively 
corrected for the bad bits.”

Humans hurrying 
global extinctions 

HUMANS are now driving 
species to extinction at around 
1000 times the natural rate. 

Stuart Pimm at Duke University 
in Durham, North Carolina, and 
his colleagues were updating their 
1995 research that concluded we 
were killing off species at 100 to 
1000 times the natural rate. That 
study underestimated the rate 
of current species loss, and 
overstated the natural rate over 
the past 10 to 20 million years. 

For the most part, the new 
higher estimate is not due to an 
acceleration in extinctions since 
1995 but to a more sophisticated 
analysis. One exception is an 
increase in threats to amphibians, 
partly because the killer chytrid 
fungus has spread around the 
world (Science, doi.org/szx).

IN BRIEF
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Forget the drill, 
fetch me the laser

OPEN wide, this won’t hurt a bit. 
That might actually be true if the 
dentist’s drill is replaced by a 
low-powered laser that can prompt 
stem cells to make damaged hard 
tissue in teeth regrow. 

When a tooth is damaged, 
dentists repair it with an inert 
material like ceramic, but these 
deteriorate. Praveen Arany at the 
National Institute of Dental and 
Craniofacial Research in Bethesda, 
Maryland, and his colleagues 
wondered if they could use lasers 
and stem cells to provide a longer- 
lasting solution, because lasers can 
make other tissue types regenerate.

To mimic an injury, the team 
removed some dentin – the hard 
tissue beneath a tooth’s enamel 
that doesn’t normally regrow – from 
the tooth of a rat. They then shone a 
low-power laser on the soft tissue 
where the stem cells are. Twelve 
weeks after one 5-minute 
treatment, new dentin had 
formed in the cavity. Similar results 
were seen in mice and in cultured 
human dental stem cells (Science 
Translational Medicine, doi.org/szt). 
The laser light indirectly activates 
growth factors, which stimulate 
stem cells to turn into dentin cells. 

Dentists would still need to cover 
the cavity because adults don’t have 
the stem cells that produce enamel. 
But patients would barely be able to 
feel the laser treatment, says Arany.

Catch great balls of fire on the radio

AFTER 50 years of trying, physicists 
have tuned into the radio waves 
emitted by fireballs.

A meteor with a tail as bright, 
or brighter, than Venus is known as 
a fireball – the Chelyabinsk meteor 
that broke apart over Russia early 
last year is an example.

Fireballs ionise nearby air as they 
barrel through Earth’s atmosphere, 
generating a super-bright plasma 
trail. In 1958, Gerald Hawkins, then 
at Boston University, predicted that 
this plasma should produce radio 
waves as it cools.

Now we know that Hawkins was 

right. Kenneth Obenberger at 
the University of New Mexico in 
Albuquerque and his colleagues have 
found evidence of 10 radio bursts 
smudged across the sky that 
correlated with known fireballs. 

The finds came from an analysis of 
11,000 hours of data from the Long 
Wavelength Array, a radio observatory 
in New Mexico (The Astrophysical 
Journal Letters, doi.org/sz5).

 “It’s a new way of looking at 
meteors,” says Peter Jenniskens at 
the SETI Institute and NASA Ames 
Research Center in California’s 
Silicon Valley.

SLY STALLONE has nothing on 
this rocky heavyweight. Twice the 
width of Earth and with 17 times 
our planet’s mass, Kepler-10c is 
so unusual that it has been placed 
in a brand new class of exoplanet.

Kepler-10c was discovered in 
2011 by NASA’s Kepler space 
telescope. The planet has a 
diameter slightly more than 
double that of Earth’s – a size 
that led astronomers to assume it 
was a shrunken version of gassy 
planet Neptune, which is four 
times the diameter of Earth. 

Now Xavier Dumusque of the 

Harvard-Smithsonian Center for 
Astrophysics in Cambridge, 
Massachusetts, and his colleagues 
have used the HARPS-N telescope 
in the Canary Islands to pin down 
Kepler-10c’s mass. They found it 
is actually 17 times as heavy as 
Earth: roughly the same mass as 
Neptune. But because Kepler-10c 
is much smaller then Neptune, it 
must be an incredibly dense, 
rocky world, the like of which has 
never been seen before.

“All the major existing 
planetary formation models were 
not predicting this type of planet, 

and it is why we could not believe 
our result at the beginning,” 
says Dumusque, who presented 
the findings at the American 
Astronomical Society meeting 
in Boston, this week.

The team have dubbed 
Kepler-10c a “mega-Earth”, because 
it is too heavy to fit into the super-
Earth class of exoplanets, which 
are bigger than our home world 
but much lighter than Neptune. 
It is probably made from the 
same materials as Earth – water, 
silicates and iron – but in different 
proportions, says Dumusque.

Heaviest Earth-like planet makes its presence felt

Low-trousers look 
is 3000 years old

HIPSTERS wanting the ultimate 
retro look, take note: two pairs of 
trousers from China may be the 
earliest yet found. Their straight 
legs and wide crotches suggest 
that the invention of trousers was 
linked to the rise of horse riding.

Robes, tunics and loin cloths 
were the clothing of choice 
throughout much of prehistory. 
Trousers are a more recent 
innovation. One early example 
from Nepal is only 2400 years old.

Mayke Wagner at the German 
Archaeological Institute in Berlin 
and her colleagues studied two 
pairs of woollen trousers from a 
cemetery in Xinjiang, China. 
Carbon dating shows they are 
about 3000 years old (Quaternary 
International, doi.org/szn). Before 
that time, local people wore skirts 
and cloaks – but then horse riding 
became popular.

Wagner made a reproduction 
pair and realised that the wide 
crotch piece hangs down in folds, 
similar to drop-crotch pants, as 
worn by Justin Bieber. When a 
colleague wore them, “he had the 
clear impression that the trousers 
would be uncomfortable for long 
walking”, Wagner says. The wide 
crotch would protect the groin, 
making straddling a horse easy.
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Into the deep
A wearable submarine, the first of its kind, will play a key role in 
the hunt for the world’s oldest computer, finds Mark Harris

THE world’s most advanced 
robotic diving suit is getting 
ready to help search for one of 
the world’s oldest computers. 

Called Exosuit, the suit has 
a rigid metal humanoid form 
with Iron Man-like thrusters that 
enable divers to operate safely 
down to depths of 300 metres 
(see photo). 

Though designed for diving 
in the bowels of New York City’s 
water treatment plants, earlier 
this month it underwent its first 
trials in seawater at the Woods 
Hole Oceanographic Institution 
(WHOI) in Massachusetts. The 
tests are readying the suit for a 
daring attempt to excavate an 
ancient Roman shipwreck off 
the Greek island of Antikythera 
in the Aegean Sea. A century ago, 
divers pulled the world’s oldest 
computer – the Antikythera 
mechanism – from the wreck. 
They are hoping that they will 
find a second device when they 
go down in September. 

Marine archaeologists normally 

wear scuba gear to explore 
underwater sites in person, but 
the time that divers can spend at 
depth is limited by the dangers of 
decompression sickness, or the 
bends. For deep wrecks, researchers 
rely on remotely operated 
vehicles (ROVs) carrying cameras 
and sonar to scan an area, or large 
and expensive craft like the Alvin 

submarine that explored the 
wreck of the Titanic in 1986. 

The $1.5 million Exosuit falls 
somewhere in between. “It’s 
basically a wearable submarine,” 
says Phil Short, a diving specialist 
on the planned mission to 
Antikythera. “The pressure  
inside is no different from being 
in a submarine or in fresh air. We 

can go straight to the bottom, 
spend 5 hours there and come 
straight back to the surface with 
no decompression.”

The suit is made from an 
aluminium alloy, with articulated 
joints that permit divers to 

move their arms and legs freely. 
An umbilical cable from a ship 
supplies it with power for 
horizontal and vertical thrusters, 
and a rebreather that scrubs toxic 
carbon dioxide from exhaled air, 
giving 50 hours of life support. 
The cable also carries voice, video 
and data links. In the event of an 
emergency, a battery can power 
everything but the thrusters, 
including a back-up 
communication system.

Foot pedals inside the Exosuit 
control the four thrusters to 
manoeuvre it through the water. 
And if a diver is busy with a 
complex task underwater, an 
operator topside can monitor the 
Exosuit’s video feed and fire the 
thrusters to keep it in position – 
or even take over completely and 
bring the suit back to the ship. 

The Exosuit is needed both 
because of the depth of the 
Antikythera wreck – it reaches 
120 metres – and the delicacy 
of any artefacts that might lie 
within. When Greek sponge 
fishermen found the shipwreck 
in October 1900, the pressure was 
such that they had only 5 minutes 
on the seabed before having to 
ascend. It was risky: several divers 
were paralysed and one died from 
decompression sickness. 

By the time underwater 
explorer Jacques Cousteau led 
an expedition to the ship in 1976, 
the amount of time that could be 
spent at the bottom had been 
extended to just 10 minutes. 
To maximise their efficiency, 
Cousteau’s divers used a vacuum 
system to suck up a small area of 
the wreck, but this risked 

“In the suit we can spend 
5 hours at the seabed and 
return to the surface 
without getting the bends”

–Going down–

The Antikythera mechanism 
pre-dates all other computing 
devices by over 1000 years. Its 
30 bronze gears encoded ancient 
Greece’s astronomical expertise, 
including the movements of the 
sun, moon, planets and stars. 
Operated by a hand crank, the 
mechanism would automatically 
calculate phases of the moon, 
eclipses and even the dates of 
upcoming Olympic Games. 

While a curator at the Science 
Museum in London, Michael Wright 
used X-ray tomography to reveal 

new details in the mechanism, 
which he later incorporated into 
an exact replica. 

Wright now believes that not all 
the fragments recovered from the 
wreck came from the same device. 
“It’s not easy to find a place for one 
piece, Fragment D, in anyone’s 
reconstruction of the instrument, 
including my own,” he told New 
Scientist. “It’s also slightly different 
in workmanship and has a slightly 
different colour.” That could mean 
a second mechanism is still waiting 
to be discovered.

HUNTING FOR THE OLDEST COMPUTER

>
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damaging or destroying 
priceless fragile objects. 

The new expedition won’t face 
such time constraints. “With the 
Exosuit, our bottom time 
becomes virtually unlimited,” 
says Brendan Foley, co-director of 
field operations at WHOI’s Deep 
Submergence Laboratory. “Now 
we can have an archaeologist in 
the suit for hours, and we’ll only 
have to come up to answer the call 
of nature.”

Despite the limitations of 
earlier expeditions, the treasures 
that were recovered at 
Antikythera represent some of 
the finest ancient Greek and 
Roman artefacts in existence. 
They tell the story of a Roman 
ship that foundered on the rocky 
shores of the island around 60 BC. 
The ship was laden with luxury 
goods, including bronze and N
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marble statues, precious 
jewellery, a hoard of coins, 
glassware, ceramic jars – and 
fragments of a peculiar geared 
device whose importance was at 
first overlooked. Only in the 1950s 
did scholars figure out that the 
rusty metal pieces could be 
assembled into a sophisticated 
analogue computer for predicting 
astronomical events. They called 
it the Antikythera mechanism.

Ironically, 2000 years spent in 
corrosive saltwater may have been 
the best way to preserve these 
riches. Most precious objects from 
antiquity have been broken up or 
melted down over the millennia. 
The National Archaeological 
Museum in Athens has only 
10 major bronze statues from 
Ancient Greece – and nine of them 
came from shipwrecks. 

Foley believes that the 

Antikythera shipwreck still holds 
many secrets. A preliminary 
survey last year showed artefacts 
scattered over an area 50 metres 
by 10 metres, and even revealed a 
previously unknown shipwreck 
alongside the first one. 

“We have feet, arms and the 
crest of a warrior’s helmet from 
statues recovered in 1900 – 

maybe we’ll get lucky and find  
the rest of them,” says Foley. “But 
for me, the mechanism is what 
sets this wreck apart. It’s the 
questions it opens up about the 
history of science and technology 
that fire my imagination.”

Archaeologists will use the 

Exosuit’s manipulators – a claw-
like pincer where each of the suit’s 
hands would be – to sift through 
silt, marine life and centuries of 
debris. “It’s like chopsticks,” Short 
said during trials at WHOI this 
month. “The first time you use 
them, you get covered in food. 
Then you start to get proficient. 
One drill we’ve been doing is to 
use one set of manipulators to 
open a folding knife attached to 
the other, then lock it and close it. 
I managed it twice yesterday.”

However, the Exosuit remains 
an unknown quantity for marine 
archaeology. It was built by 
marine robotic firm Nuytco 
Research in North Vancouver, 
Canada, and sold to civil 
engineering company J. F. White, 
which used it in New York City. 

Its first scientific mission 
will take place in July, when a team 
from the American Museum of 
Natural History will head to an 
area about 160 kilometres off the 
north-east coast of the US and 
dive down in an area known as 
the Canyons to look for 
bioluminescent organisms. 

But the Exosuit’s first  
saltwater outings haven’t been 
entirely smooth sailing. On its 
first day, electrical problems 
caused the thrusters to overload 
and shut off, while customising it 
for divers of different sizes and 
shapes has been time-consuming: 
time the scientists can ill afford. 
Although exploration of the 
Antikythera wreck will continue 
for almost a decade, this year’s 
expedition will only last a 
month – and will only have the 
Exosuit on loan from J. F. White  
for a week or two.

Foley admits that using the 
Exosuit does come with risks. “It’s 
an experimental suit. We need to 
figure out what it can do for us 
and how to make it as effective as 
possible,” he says. “All we can do 
is get down there, get close to the 
sediment and map out the debris 
field with our metal detectors. Over 
a period of meticulous seasons, 
we’ll slowly close in on what we 
hope is another mechanism.”  ■

>

“The suit’s manipulators are 
like chopsticks – the first 
time you use them you get 
covered in food”

Underwater Iron Man 
Studded with cutting-edge gadgetry, the Exosuit will soon be rolling in the deep

Feet/ankles

Foot pedals inside the suit 
control thrusters, leaving 
hands free to keep working. 
Future versions could have 
flipper attachments and 
allow the operator to swim

Thrusters

Small, powerful thrusters  
let divers zip around 
underwater. Can also be 
piloted from an operator at 
the surface, or jettisoned  
in case of emergency

Manipulators

Two claw-like graspers – 
one for large objects, and 
one for smaller objects and 
delicate work – are affixed 
to the end of each arm.  
A robotic hand that mimics 
the diver’s hand is under 
development

Lights, camera, gadgets

Powerful LEDs light up  
the murky depths, while 
on-board cameras capture 
the action in HD video. 
Controls inside the suit 
allow the diver to operate 
the life-support system

Joints

Rotatable joints are 
designed to move with 
little effort from the diver, 
allowing each limb to  
move independently
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Get a grip with a hand that can see
Robots sent in to clean up disaster zones need a strong, 
secure grip. A hand that can “see” would help. London-based 
Shadow Robots is fitting its Dexterous Hand with a Kinect-
style, depth-sensing camera that lets it analyse the 3D shape 
of objects. Software builds a 3D model in real time then 
computes the best arrangement of the hand’s five digits, 
which have 24 motor-driven joints, to give it the most secure 
grip. The hand was shown at a robot exhibition in Munich, 
Germany, this week.

“For the first time in history, we have 
an aeroplane that is flying with no 
fuel day and night”
Plane-maker Bertrand Piccard on Solar Impulse 2’s upcoming 
maiden flight, ahead of its round-the-world trip in 2015

Here’s a bot I baked earlier
Tray bakes will never be the same again. Flat cut-outs that 
spring  into the right shape in the oven have been created by 
Daniela Rus at the Massachusetts Institute of Technology. 
The team made a bunny shape, an egg, a house and a human 
figure. Each starts out as a flat sheet of plastic between two 
layers of paper. Creases can be printed or laser cut into the 
sheet that is then popped into an oven. The plastic contracts 
in the heat, forcing the sheet to bend at different angles 
depending on the width of the crease. For all four shapes, the 
final product was ready in minutes. The system could be used 
to make robots and will be presented at a robotics conference 
in Hong Kong this week.

Sit back and enjoy the ride
Imagine a Fiat 500 crossed with a Microsoft mouse – that’s 
what Google’s prototype driverless car looked like when the 
firm unveiled it last week. It has no steering wheel, 
accelerator or brake pedals. Made of low-impact plastics and 
foam, it will work solely on the touch of a button.  Just select 
your destination on Google Maps, press start and away you go.
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–Danger, making methane–

A LONE robot trundles through an old 
landfill in central Sweden, shooting 
out a laser beam. Nicknamed Gasbot, 
its job is to hunt down methane leaks 
in the vicinity. Machines like this one 
could one day be used to sniff out 
dangerous emissions in landfills, 
mines and even city streets.

Methane leaks are worrying –  
they can cause explosions as well as 
contributing to global warming. One 
study released earlier this year found 
that researchers consistently 
underestimate methane levels in the 
atmosphere, partly because of 
hard-to-detect leaks. 

“You have more methane than  
you know about. You have sources 
that you don’t know are there,” says 
Achim Lilienthal, who heads the 
Gasbot project at Örebro University in 
Sweden. “To find this methane is a 
very important task.”

Gasbot travels along a 
predetermined path, shooting  
out a laser about 30 metres ahead. 
The beam is tuned to a specific 
wavelength that tends to be  
absorbed by the gas molecules they 
are looking for, in this case methane. 
When the beam reflects back,  
Gasbot’s sensors calculate how much 
of it was absorbed, building a map of 
methane concentration and 
distribution in its environment. Tests 
at the landfill showed that the robot 
could detect methane at 

concentrations of 5 parts per million  
in the air. It also sniffed out an artificial 
leak planted by the researchers. 
Gasbot was presented at a robotics 
conference in Hong Kong this week.

Later this year, Gasbot will be sent 
into a local steel foundry, with its 
sensors adjusted to search for 
hazardous substances like nitrous 
oxide and lead and quartz dust. 

There are plans to try Gasbot in  
an underground tunnel in Austria,  

and a Swedish lake where methane 
bubbles up through the ice. Lilienthal 
is also considering adapting the 
technology for drones. 

“This would be a good solution, 
especially for unknown and 
potentially hazardous environments 
or terrain,” says Nathan Phillips of 
Boston University. Looking for 
methane leaks is important, 
particularly with the growth of 
fracking. Last week, the UK’s National 
Physical Laboratory unveiled a truck 
mounted with a lidar system to look 
for leaks from landfills and oil 
refineries. The NPL is now working 
with Cuadrilla, one of the leading 
fracking firms, to test for methane 
leaks at its sites.  Aviva Rutkin  ■

Methane leak? This is  
a job for Gasbot

“ Bots could be used to sniff 
out dangerous emissions  
in landfills, mines and  
even city streets”
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Bedroom superstars
Live streaming is huge thanks to Twitch. No wonder Google is interested

VIDEO killed the radio star – now video 
games are doing the same for TV. 

Twitch lets you stream live video 
of yourself over the internet, and has 
grown enormously since it launched in 
2011. Now with more than 45 million 
visitors and more than a million new 
videos a month, the vast majority of 
which are of people playing games. No 
wonder Google is reportedly holding 
talks about buying the firm for $1 billion. 

Twitch’s popularity was given an 
extra boost with the release of the 
Xbox One and PlayStation 4, which 
both let players stream their game at 
the push of a button. A webcam can 
let the player add their face to the 
stream. Twitch now beats Facebook, 
Amazon and Tumblr in terms of peak 
internet traffic in the US, behind only 
Netflix, Google – including YouTube – 
and Apple. 

But why do millions of viewers want 
to watch other people playing games? 
Many don’t have time to play all the 
games they want to, says Lucy James 
at Ginx TV, an international TV channel 
based in London dedicated to covering 
video games. In many cases, the 
popularity of game-watching comes 
down to the personality of the 
uploader. “These players are the 

new celebrities,” says James. 
Like many Twitch streamers, 

Felix Kjellberg, or PewDiePie to his 
fans, uploads videos of his finished live 
shows to YouTube, where his channel 
now has over 27 million subscribers – 
more than any other, including 
YouTube’s own. Kjellberg started out 
playing horror games and his funny – 
some might say overenthusiastic – 
reactions and personality quickly 
made his videos popular. 

An important feature of Twitch 

streaming is the live chatroom that 
accompanies videos, says James, 
who co-hosts her own Twitch show 
with Holly Nielsen, also at Ginx TV. 
This lets viewers immediately engage 
with the players, who often read out 
and respond to comments. Indeed, 
viewer participation is set to become 
a bigger part of the experience. 
Twitch’s chatroom feature was 
recently used to play a game of 
Pokémon, where 80,000 viewers 
tried to control the main character 

at once by typing in commands. 
What started as a quirky experiment 

is now being built into mainstream 
games. The recently released Daylight, 
for example, is a horror game that 
frightens the player in unexpected 
ways each time they play. But if a 
player is live-streaming on Twitch 
then viewers can influence the game 
further by typing in words like 
“scream”, which triggers a sudden 
scream, and “light”, which turns off 
the player’s only light-source. 

To make it more fun, viewers don’t 
necessarily know what words will have 
an effect and have to guess. “We have 
had really great feedback from players 
and viewers alike,” says Cassie Dull 
at Zombie Studios in Seattle, 
Washington, the makers of Daylight. 
“Everyone really enjoys being a part 
of the scary experience.”

Many more games are likely to be 
made with similar features, says 
James. Ultimately, she thinks game 
plots could be automatically generated 
according to what viewers request in 
the comments.

What is certain is that watching 
games has become as popular as playing 
them. “It’s growing at an incredible 
rate,” says James.  Douglas Heaven  ■

“ Viewers immediately 
engage with the players, 
who often read out and 
respond to comments”
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NEED to learn a new language 
but would rather watch TV shows 
instead? A new software app aims 
to let you do both at once.

Once downloaded, Fleex extracts 
the subtitle data in video footage 
stored on your computer or 
online – whether it’s a movie in 
the language you want to learn or 
YouTube footage – and presents 
subtitles in both your native 
language and your target language.

For now, Fleex teaches only 
English. It does not display all the 
English subtitles throughout 
a programme, as that might 
swamp beginners with too much 
information. Instead, the subtitles 
for their own language are shown 
and, initially, only a low proportion 
of them are also shown in English. 
The amount in English offered rises, 
under the student’s control, as their 
comprehension grows. Meanwhile, 
subtitles in their native language 
gradually drop away.

At any time, selecting a confusing 
word in an English subtitle will bring 
up a menu defining the word and 
outlining its common usage. Idioms 
and common expressions are 
explained, too. Fleex costs €4.90 
per month on a subscription basis.

The app is part of a move towards 
tech-mediated language learning, 
with Duolingo probably the 
best-known app.  Paul Marks  ■

INSIGHT Collective gaming Smart subtitles 
help you learn a 
second language

–The next PewDiePie?–
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AAUW Tech Trek is a science and technology camp 
serving girls in middle school. Make one happen. 
Visit www.aauw.org/STEM. by AAUW
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Concrete mountain 
WHEN Charles Darwin visited Ascension Island in 
1836, he wasn’t very impressed. It was little more 
than a barren volcanic rock, and this rankled him 
because he felt everything in the British Empire 
should be productive. So he asked his botanist 
friend Joseph Dalton Hooker to help carpet the 
rock with plants. Hooker took to the task with 
vigour and by the 1870s there was enough 
vegetation that the island’s highest peak, Green 
Mountain, pictured here, had its own cloud forest. 

But that’s not how it looks now. “As you climb up 
the hill you notice that about a third of the side of 
the mountain is covered in concrete,” says British 
photographer Jason Larkin. “It’s bizarre.” He 
visited to take shots like this because he was 
fascinated by the island’s rich history. 

In the early 20th century, British marines based 
on Ascension, which is 8° south of the equator in 
the Atlantic Ocean,  covered swathes of the 
mountain in concrete slabs and built pits with 
water tanks to catch run-off rainwater. The idea 
was to alleviate their chronic water shortage 
problems. “It makes you understand the scale of 
their need for water,” says Larkin.  Rowan Hooper

Photographer 
Jason Larkin Panos Pictures 
jasonlarkin.co.uk
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OPINION

Loved, but still not liked
Just because science is cool again doesn’t mean that climate denial 
or anti-vaccination are going away, says Chris Mooney

SCIENTISTS have long had cause 
to complain about how the public 
views them and their work. 
Complaints range from objections 
to denialism – “they don’t accept 
evolution” or “they won’t 
vaccinate” – to more cultural 
laments: “they always make us 
look like the bad guys in films” 
and “they don’t cover us on the 
news any more”.

Lately, though, the cultural 
laments seem out of date. In the 
US, science is becoming cool  
again among non-scientists. The 
evidence is all around us, in the 
form of a popular culture pulsing 
with content celebrating science. 

CBS’s The Big Bang Theory is 
the number one comedy show on 
TV, watched by about 20 million 
people per night. This is a show 
in which sciencey people say 
sciencey things, and people can’t 
get enough of it. Fox and National 
Geographic’s remake of the classic 
Carl Sagan documentary Cosmos, 
fronted by Neil deGrasse Tyson, 
is making science into a weekly 
conversation starter. It may not be 
the number one show in its highly 
competitive Sunday night slot – 
Game of Thrones is hard to beat – 
but every week millions are 
watching. Heck, you can’t even 
see a biblical blockbuster like 
Noah these days without being 
treated to a surprise montage 
about the big bang and evolution.

These are strong signs that 
science is again becoming a pop 
culture fixture, as it arguably was 
at the height of Sagan’s influence 
in the 1980s, and as it certainly 
was in the 1950s and 1960s. Why? 

One part of the reason appears 
to be that a handful of influential 

entertainers made up their mind 
that science rocks, including 
Family Guy creator Seth 
MacFarlane, who made Cosmos 
happen, and Comedy Central’s 
Stephen Colbert, who regularly 
featured scientists as guests on 
The Colbert Report. And they had 
big enough megaphones to 
spread the word.

Why did they do it? In 
MacFarlane’s case, the inspiration 
is partly political. In a talk he gave 
last year at the US Library of 
Congress to mark its acquisition 
of Sagan’s personal papers, he 
bemoaned the “politicisation on 
steroids” of issues such as climate 
change and evolution. “We took a 
big, big hit when we lost Carl 

Sagan,” he said. His answer was 
to bring back Cosmos.

But here’s where a heavy dose 
of confusion enters the picture, 
not to mention some pretty 
unrealistic expectations. There 
is no doubt that science is more 
visible in culture these days. There 
is also no doubt that MacFarlane 
and the many fans of Cosmos 
hope and believe that this will 
solve the other thing that 
scientists grumble about: the 
denial problem. They expect it to 
make people more rational, more 

accepting of what scientists have 
to say about controversial topics, 
and less willing to dismiss 
knowledge because it conflicts 
with their beliefs, values and 
ideologies.

Dream on. All the evidence 
suggests that you can have a 
science-infused popular  
culture that is also steeped with 
denialism. One doesn’t negate 
the other, because the two operate 
on very different levels.

I have never heard of a science 
denier who didn’t claim to be 
enamoured with science. Deniers 
invariably cultivate their own 
“scientists” and “experts” and 
trot out scientific-sounding 
arguments to support their 
contrarian positions. What is 
more, psychological research 
suggests that more scientifically 
literate political conservatives are 
bigger deniers of climate change 
than conservatives who don’t 
know much about science.

Why would a show like Cosmos 
change this picture? It won’t – 
and it hasn’t. Little in the political 
arena has changed for the better 
for science lately. Climate change 
denial is riding as high as ever; 
its staying power, in the face of 
all the evidence, can only be 
described as remarkable. 
Meanwhile, experiments have 
shown that trying to disabuse 
vaccine deniers of their 
misconceptions backfires and 
makes the misconceptions worse. 

And as for the young-Earth 
creationists? We all cheered 
when Bill Nye the Science Guy 
demolished their arguments in a 
televised debate, but we know that 
none of them changed their minds. 

“ All the evidence suggests 
you can have a science-
infused culture that is also 
steeped with denialism”
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Your brain on ventriloquism
Neuroscientist Michael Graziano often starts his talks on 
social cognition with a little help from his furry friend Kevin

PROFILE
Michael Graziano is a neuroscientist at Princeton 
University and author of Consciousness and the 
Social Brain (Oxford University Press, 2013). He is 
also a novelist and composer, and writes children’s 
books under the pen name B. B. Wurge 

How did you get into ventriloquism?
It wasn’t to make some scientific point. I actually 
started because my son wanted his toy animals to 
talk. He demanded it frequently, so after a number 
of years of intense practice, I got better at it.

Tell us about your puppet. 
He’s called Kevin and he is a talkative, impish 
orangutan. Interestingly, the things he thinks 
of I can’t think of unless my hand is in there. 
Obviously, in my brain, I have generated a model 
of a personality that gets projected on to Kevin. 

He comes up with all kinds of outrageous 
comments. For instance, I once introduced him as 
a cute fuzzy orang-utan, and then he blurted out 
that he’s Darth Vader – in that voice. 

What point do you want to make with Kevin?
When we attribute mental states to other people, 
it’s not just about intellectually figuring out what 
someone else might be thinking. That’s part of it, 
but there is a gut intuition part too. That’s the 
point I’m trying to make. With a ventriloquist’s 

puppet, you know intellectually that there is no 
awareness, but you can’t help experiencing the 
illusion. The social attribution is automatic.

Do your audiences get the point? 
They get it, because the ventriloquism illusion is 
so potent. Many people think it is a visual-auditory 
illusion – your voice sounds as if it’s coming from 
the puppet’s lips. But the real illusion is social.

What do you mean by a social illusion? 
When I speak through a microphone on stage, the 
sound is coming from speakers elsewhere. It looks 
as if it’s coming out of my mouth, because it’s time-
locked to my lips. It’s a visual-auditory illusion but 
nobody gets excited about that. When the puppet 
starts talking, it’s the same thing. So, it’s not the 
visual-auditory illusion that makes ventriloquism 
exciting, but the social illusion, the feeling that 
there is another mind in that body. 

You use this act to illustrate your theory 
of attention and awareness. Tell me about 
the theory.
The brain takes in far too much information 
to process all at once, so it has to select what 
to pay attention to, focusing its resources  
on some signals at the expense of others.  
The selected signals are enhanced, processed 
more deeply, have a bigger impact on behaviour 
and so on.

The brain also builds models. To control the body, 
the brain has a body schema – a model of how the 
body is moving through space. So, similarly, to 
control its own attention properly, the brain ought 
to have a model to monitor and make predictions 
about the consequences of paying attention. This 
model is what I call awareness. 

Once that is in place, the next evolutionary 
development is to use the same brain machinery 
to model other people’s attention. That’s where 
we get into attributing awareness to others. 

And that’s where Kevin comes in?
Exactly. 
Interview by Anil Ananthaswamy 

What this suggests is that 
getting people to engage with 
science and scientists in general 
is a very different endeavour from 
getting them to accept scientific 
claims that threaten their political 
and religious identities. There 
may be some overlap, in that 
greater science appreciation on 
a cultural level ought to translate 
into a greater valuing of scientific 
authorities and what they have to 
say – but that only goes so far.

What we need to do is 
separate the concept of science 
engagement from that of science 
denial – to pull apart dazzling  
and fascinating from convincing 
and persuading. Why? Because 
then we will see that science 
denial is a personal and 
psychological phenomenon, 
rooted in belief and identity, 
which can’t be washed away by  
a wave of science boosterism. 

Maybe, then, this ends with 
a message back to science’s 
influential friends in showbiz. 
We can’t thank you enough for 
showing that science is cool again. 
But if this matters to you as much 
as it appears to, then please 
recognise that the task has just 
begun. Now comes the hard part: 
show us not just that science is 
cool and fascinating, but that 
science denial is destructive or 
even immoral. Show us that it 
amounts to succumbing to one 
of the least flattering aspects of 
the human psyche: putting self-
serving beliefs ahead of facts and 
ahead of people. 

Show us that science denial is 
unacceptable in a scientifically 
advanced society. Tell us stories 
of people overcoming it, and 
becoming better for it. Because 
right now it remains far too 
accepted, far too normalised and 
far too easy to get away with.  ■

Chris Mooney is a correspondent 
for Climate Desk and co-hosts the 
science podcast Inquiring Minds 
(@ inquiringshow). He is co-author 
of Unscientific America: How scientific 
illiteracy threatens our future (Basic 
Books, 2009)
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IN APRIL  I led a “smellwalk” through 
Istanbul’s Grand Bazaar. In the past decade, 
I have conducted hundreds of these sensory 
tours in 15 cities across Europe and North 
America, but even so I was struck by the 
intensity of the experience. 

We could hardly move for the crowds, 
and the echo of voices and footsteps was 
sporadically interrupted by the call to prayer. 
The strongest connection to our surroundings, 
however, came from the smells: the warm air, 
people’s perfumes and body odour, leather, 
spices, Turkish delight. As we moved out to the 
streets surrounding the Bazaar, the smells 
changed: the stink of drains, cigarettes, fruit 
and sweetcorn being cooked in the street. 

Fast forward a few weeks and I am walking 
through Old Spitalfields Market in London.  
I smell nothing until I reach the far end of the 
market where I detect some faint ventilation 
emissions from a restaurant. Later, in a side 
street just off Regent Street, I bend down to 
smell the lavender growing in pots, only to 
find they are plastic.

Smells, scents, whiffs and stinks are 
incredibly important in our experience and 
understanding of the surrounding world.  
By this, I am referring not only to idealised 
smell environments such as those 
experienced during trips to the seaside or 
idyllic rural enclaves, but also to everyday 
experiences of living in cities. Sadly, though,  
it usually isn’t until we lose our sense of smell 
that we appreciate just how important it is. 
Fifth Sense, a UK charity supporting people 
with smell and taste disorders, launched this 
year with the goal of increasing the awareness 
of the importance of smell in our lives, so that 
such people might have their symptoms taken 

more seriously. In a recent survey of 485 of its 
members, the charity found that 56 per cent 
felt alone and isolated as a result of their 
condition, 85 per cent were afraid of being 
exposed to dangers such as gas or spoiled food 
and 42 per cent had depression. 

Although the olfactory detection abilities 
of humans are poor compared with many 
other mammals, they are far more 
sophisticated than was previously thought. 
In March this year, a study at Rockefeller 
University and the Howard Hughes Institute 
revealed that humans with a fully functioning 
sense of smell can distinguish at least 1 trillion 
odours, rather than the previous benchmark 
of 10,000 odours.

Yet within Western culture, people tend to 
think of smell as having a predominantly 
negative role to play in city life. As a result,  
the smellscapes of city streets are turning into 
sterilised clones of one another. Historically, 
there was a good reason for this focus on 
sterility. In medieval times, cities were dirty, 
disease-riddled environments where the toxic 
odours of the tallow chandlers and tanneries 
mixed with the stench of the open sewers, and 
it was commonly believed that illness spread 
through the breathing in of noxious miasmas 
leaking from the ground. 

After John Snow mapped London’s 
cholera epidemic in 1854 and the role of 
bacteria in disease became understood, 
governments began to place emphasis on the 
importance of sanitation in public health. 
This led to cleaning of the air and waterways, 
new materials being introduced to cover the 
mud and waste in the street and, with time, 
the development of our obsession with 
surfaces such as concrete, glass, metal and 

tarmac; hard-wearing and easily washable. 
However, something strange is happening 

as a result of these developments. City streets 
may be less smelly, but urban dwellers are 
becoming increasingly sensitive to the smells 
that remain. In some parts of Canada and the 
US, this is leading to hyper-sensitivities and 
people become ill as a result of exposure to 
different types of environmental stimuli, 
most notably odours. In some cases this 
causes nausea, headaches and respiratory 
problems – but more commonly it results in 
annoyance, which also has an effect on health 
over the longer-term. 

In response to these concerns, last month 
the UK Institute of Air Quality Management 
(IAQM) launched odour guidelines for how 
smells should be considered in the planning 
process. The document outlines the factors 
currently taken into account by the authorities 
to evaluate smells, and highlights case law in 
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Welcome to  
the smellscape
Our attempts to deodorise urban streets have gone too far, 
says Victoria Henshaw. There are powerful reasons to 
reacquaint our noses with the scents of the city

PROFILE
Victoria Henshaw is a 
lecturer in urban design 
and planning at the 
University of Sheffield, 
UK. She is author of 
Urban Smellscapes: 
Understanding and 
designing city smell 
environments and the 
blog Smell and the City 

OPINION  THE BIG IDEA
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which any odour, if breathed in at high-
enough concentrations for a sufficient 
amount of the time (2 per cent of the hours in 
a year), can be deemed as a potential nuisance. 

In my research, however, I have found that 
the odours that some people complain about 
can be historical and locally significant smells 
that are liked by many people. These odours 
include strong-smelling restaurants and the 
manufacturing smells of many cities such as 
those emitted by breweries, chocolate and 
sweet factories. 

It is generally assumed that city dwellers  
are the people most likely to be annoyed by 
smells, mainly because cities have so many 
people gathered together in one place. 
However, urban inhabitants actually have a 
poorer sense of smell compared with their 
rural counterparts, which was highlighted by 
studies like the one published last year by 
Agnieszka Sorokowska of the University of 

Wroclaw in Poland and her colleagues (PLoS 
One, doi.org/swx). In part, this is thought to  
be an effect of pollution, which can impair our 
ability to detect smells on a temporary or 
permanent basis. It is also a product of culture 
and prior experience, with urban dwellers 

frequently being less familiar with, and 
placing a lower value on, information gained 
through the sense of smell. 

As the IAQM guidance highlights, almost all 
environmental odours – whether agricultural, 
brewing smells or the odours emitted from a 
coffee shop – are considered to be a nuisance 
when detected in the home, and some of us get 
more annoyed by these intrusive smells than 

others. As cities become denser, this issue  
will be increasingly important. How might we 
learn to cope with the smells emitted from our 
neighbours’ homes, whether these be cooking 
odours or cigarette smoke, particularly when 
our expectations of deodorisation, 
sterilisation and, ultimately, control have  
been pushed to such a high level in the street?

By attempting to deodorise our urban 
environments, we have gone a step too far. 
Just as it is important for children to play in 
dirt in order to build their immune systems, 
it could well be healthier to be exposed to a 
range of smells in city streets so that we are 
better able to cope when exposed to strong 
and unusual odours or those we are unable to 
control. And what about the potential delight 
that odour offers us in our experiences of 
places such as Istanbul’s Grand Bazaar? By 
coming down hard on smells, we lose these 
valuable sensory inputs.   ■

“ The smellscapes of city 
streets are turning into 
sterilised clones”

For more opinion articles, visit newscientist.com/opinion
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Uncertain minds
From David Mermin
I am delighted that you take the 
quantum Bayesianist view of 
science seriously enough to 
feature it on your cover (10 May, 
p 32). But you overemphasize the 
subjectivity of the scientist 
almost as much as conventional 
physics underemphasizes it. 

Your article attributes to QBism 
the view that “measurements do 
not cause things to happen in  
the real world, they cause things 
to happen in our heads”. The 
actual QBist position is that a 
measurement is any action that  
a particular person (Alice) takes  
in her external world, and the 
outcome of that measurement  
is the experience this world 
prompts in Alice through its 
response to her action. 

Other consequences of Alice’s 
action are part of her external 
world and potentially accessible 
to others. Alice has her own 
private subjective experience,  
but she can attempt to describe 
this to others through the 
imperfect medium of language, 
which helps account for the 
common features of the different 
external worlds that each of us 
individually infers from our  
own private experience.

It is of course hard to convey  
all this in three pages, let alone  
a short letter. After all, it has 
escaped the awareness of almost 
all physicists for nearly 90 years. 
For a more nuanced view of 
QBism I recommend the paper 
cited in your article, bit.ly/qbism.  
Ithaca, New York, US

Antibiotic crisis
From Jeremy Colman
Your leader calls for social 
motivation rather than market 
forces to drive the production  
of new and better antibiotics 
(24 May, p 5). But it does not 
explain why commercial 
companies ever developed 
antibiotics, and why they do not 

go on developing new ones. 
If it is indeed true that the free 

market has failed here, it is not 
good enough simply to call for 
social motivation. As decades of 
state enterprise both in the UK 
and elsewhere have shown, 
politicians have generally not 
proved themselves to be very 
expert at long-term planning. 

Who should do it, if they  
cannot be trusted to get it right?
Peterborough, Cambridgeshire, UK

■  The editor replies:
As the accompanying report 
details (p 10), not only must new 
antibiotics compete with existing 
off-patent generics that are by 
comparison quite cheap, but 
maximising sales of the new drug 
only speeds up the development 
of resistance.

From Simon Mulholland
Since market forces do not drive 
the search for new antibiotics, 
why not try using techniques 
from another field? Football clubs 
successfully train, develop and 
then sell people. Universities have 
a steady flow of potential star 
scientists through their doors,  
yet wave goodbye to them when 
they graduate. 

If a university signed potential 
science stars to teams researching 
areas where market forces are 

failing, they would lead the field. 
There would always be firms 
wanting to poach the talent to 
research the latest anti-wrinkle 
cream, but they would have to pay 
a suitably huge transfer fee. 

Should the company actually 
want to work on antibiotic 
resistance, for example, a loan or 
free transfer might be arranged. 

Whether this model would get 
the sex lives of scientists into 
tabloid newspapers is debatable, 
but it might be an added 
inducement.
Exeter, Devon, UK 

Punishable behaviour
From Ian Glendon
In her exploration of pigeon 
intelligence, Kirsten Weir made 
the common mistake of equating 
negative reinforcement with 
punishment (3 May, p 40). 

Negative reinforcement 
involves removing an unpleasant 
stimulus such as incarceration  
to increase the likelihood of a 
desirable behaviour recurring. 

By contrast, punishment 
involves applying an unpleasant 
stimulus to decrease the 
likelihood of an undesired 
behaviour recurring. 

To be effective, punishment 
must be applied immediately 
after the behaviour it is designed 
to change, be applied every time 
the behaviour occurs and be 
clearly specific to the behaviour. 

As such, punishment is very 
difficult to apply correctly and 
consistently, and it is rarely 
effective at changing a behaviour. 
Chirn Park, Queensland, Australia

Body and mind
From Richard Ellis
Celia Berrell has it the wrong way 
round when she says she will have 
finished with her body when she 
dies (17 May, p 30). As I see it, it is 
this body’s amazing ability to 
store memories that makes me.  
I am my body’s creation. 

When the support system  
for memories breaks down, then 
we go. We no longer have a say.  
My wife has Alzheimer’s, I know 
of what I write.
Little Eversden, Cambridgeshire, UK

Meat alternatives
From Iain Climie 
I would probably eat insects or 
synthetic meat, although this is 
hardly virtuous (24 May, p 14).  
My wife despairs of my dustbin-

like omnivory. Yet there are less 
exotic and lower-tech alternatives 
on the plate as well. 

Many pest or culled species  
are edible but wasted, such as 
pigeons, rabbits and grey  
squirrels in the UK, and signal 
crayfish in the US. Farming native 
species for livestock or game 
ranching is another option, with 
capybara in South America being 
far better converters of fodder 
into meat than cattle. 

Some people will still want 
chicken, lamb and beef, of course, 
but the impact of their production 
can be drastically reduced by 
feeding the animals crop residues,  
spent brewery grain and natural 
vegetation instead of food we can 
eat ourselves. 

On paper at least, it is absurdly 
easy to produce far more food, 
animal protein and by-products 
without trashing the world. 
Whitchurch, Hampshire, UK

Prison psychiatry
From Alan Moskwa
Clare Wilson writes of 
misdiagnosing bipolar disorder 
and schizophrenia (10 May, p 10). 

I am not a psychiatrist but a 
prison medical officer. Prisons are 
large repositories of psychiatric 
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patients, and I see many. It is 
essential for us to learn the basic 
underlying causes of mental 
illness, rather than just classify 
them according to symptoms,  
as the latest Diagnostic and 
Statistical Manual of Mental 
Disorders does. We do not yet 
understand these causes, so the 
new research is vital.
Joslin, South Africa

Smallpox threat 
From Richard Lucas
There is little point in worrying 
about destroying the remaining 
stocks of the Variola virus, since 
the genie is surely out of the  
bottle already, and awaiting its 
opportunity to reappear 
(17 May, p 26). 

In his article, Gareth Williams 
states that the Variola genome  
has been sequenced and the  
key proteins can already be 
manufactured. So it only awaits  
a villain with the wherewithal to 
reconstruct the DNA.
Hawley, Hampshire, UK

Light sleeper
From Ken Green 
I think the sleep researchers 
featured in Ann Finkbeiner’s 
article on insomnia are chasing 
the wrong thing (17 May, p 32).  
The ability to be alert even while 
asleep is surely an essential asset 
in the struggle for survival. 

A couple of mice scampering 
around the floor is enough to 
make me wide awake. Yet during 
the second world war, when we 
lived at the end of the runway  
for the fighter aerodrome at 
Hornchurch, I can remember my 
mother frantically shaking me to 
rouse me during a raid. Not only 
were fighter planes scrambling  
by the dozen, but it seemed as 
though every gun in the country 
was blasting off. Clearly, I was able 
to disregard familiar sounds. 

So-called light sleepers were 
more likely to survive in those 

times before we developed a taste 
for communal living.
Tintagel, Cornwall, UK

Educational research
From Mike Walker
Previous correspondents have 
discussed teaching children 
honest scientific methods 
(17 May, p 31). Here’s my 
experience. Two years ago, I began 
a pilot scheme in which primary 
school pupils were used as 
genuine field technicians for field 
trials. I made it clear to them that 
we didn’t know what the answer 
would be. It relied on them being 
accurate. I was fortunate to be 
working with a teacher who was 
an ex-policeman. He knew all 
about collecting evidence. 

The trial was on potatoes, 
grown in 25 plots of 1 square 
metre, with five replicates for a 
control and four treatments –  
a set-up similar to that in many 
research stations. 

The children loved it, and the 
agribusiness partner is happy  
too, as they received useful data. 
An honest outcome, which will 
hopefully shape the students’ 
attitudes in the future.

There are many lessons to  
be learned from this. One is that 
teachers, too, can learn if they 
listen to applied scientists. They’re 
starting to do just that here.
Spalford, Tasmania

Go nuclear
From Mark Heinicke
It came as an unpleasant surprise 
to find that your article on the cost 
of switching to green energy 
production made no mention of 
nuclear power, the most realistic, 
time-tested energy source to get 
us out of the impending climate 
catastrophe (17 May, p 6). 

James Hansen says so. Ken 
Caldeira says so. Kerry Emanuel 
says so. Tom Wigley says so. Other 
scientists may disagree with these 
top climate scientists, but 

neglecting even to mention 
nuclear smacks of the kind of 
“nuclear correctness” that is 
warping the climate discussion. 

Just look at Germany, where 
abandoning their nuclear 
programme has meant a return  
to burning coal in ever greater 
amounts. That tells you where the 
anti-nuclear forces are taking us.  
Ruckersville, Virginia, US

■  The editor replies: 
We have discussed nuclear 
energy’s place in the future 
energy mix many times, most 
recently in a special report on 
Germany’s mired attempt to go 
green (19 April, p 8).

Flying circus
From John Turner
Lisa Grossman reports Seth Lloyd  
saying that the idea of Boltzmann 
brains fails the Monty Python test, 
because it is “too silly” (17 May, 
p 8). If being too silly is an 
argument against something 
existing, we are all in big trouble.

We apparently live in a universe 
that spontaneously exploded out  
of nothing, which exists in 
11 dimensions (most of which we 
can’t see) and that is mostly 
composed of dark substances we 
can’t detect, where even some of 
the stuff we can detect appears to  
be in two places at once, and that all 
these speculations are an emergent 
property of electrical activity inside 
what is essentially a piece of meat.

If there are any Boltzmann 

brains out there speculating on 
the nature of existence, they are 
probably thinking, “Organic life 
forms? No, that’s just too silly!”
Welwyn Garden City, 
Hertfordshire, UK 

A good example
From Eric Kvaalen
Gary Slutkin may be right that 
there is too much emphasis on 
punishment as a means of 
reducing violence (17 May, p 28). 

But in the most notable of the 
Bobo doll experiments he 
mentions, children were more 
likely to imitate an adult whose 
behaviour was rewarded. If the 
children saw that the adult who 
had been violent towards the doll 
was scolded and punished, they 
were dissuaded from similar 
behaviour. So it is important for 
young people to see that, as the 
saying goes, “crime doesn’t pay”.
Les Essarts-le-Roi, France

Fun-etics
From Rod Ward 
Using the phonetics of a native 
language to simulate English 
phrases (10 May, p 21) was used 
with great effect by Luis d’Antin 
van Rooten in Mots D’Heures: 
Gousses, Rames. Each “poem” is 
written in French homophones to 
mimic an English nursery rhyme.

I took great delight in having 
my French work colleagues read 
aloud what was to them utter 
nonsense, puzzled by my 
laughter. 
Portsmouth, Hampshire, UK

Letters should be sent to:  
Letters to the Editor, New Scientist,  
84 Theobald’s Road, London WC1X 8NS 
Fax: +44 (0) 20 7611 1280 
Email: letters@newscientist.com 

Include your full postal address and telephone 
number, and a reference (issue, page number, title) 
to articles. We reserve the right to edit letters.  
Reed Business Information reserves the right to  
use any submissions sent to the letters column of  
New Scientist magazine, in any other format.
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SAM DEADWYLER’s work sounded a little 
too much like something from The 
Matrix – and that was a big problem. In 

the same way that Neo downloads a kung fu 
master’s skills, Deadwyler had wired up the 
brain of a rat with electronics that transplanted 
memories derived from 30 rats into its brain, 
allowing it to draw on training that it had 
never personally experienced. The study had 
the potential to be a landmark finding – but 
“everyone thought it was science fiction”, he 
says. “I thought, ‘no one’s going to believe this 
unless I do a hundred control experiments’.”

So he did just that. Last December – 
10 years after the original experiment – the 
paper was published at last. Instant kung fu 
is still the stuff of Hollywood blockbusters, 
but this research could nevertheless have  
a huge impact on many people living with 
brain damage. Ultimately, the same kind of 
neural implants that allowed memories 
to be “donated” from many rats into 
another individual could restore lost brain 
function after an accident, a stroke or 
Alzheimer’s disease. 

For a lot of people with memory loss, 
damaged parts of the brain are failing to 
pass information from one area to another. 

Impressive as they are, however, these 
devices have a limited job. “The prosthetic 
limbs are mainly about output – we read one 
area of the brain and use it to control a device,” 
says Robert Hampson, who works on cognitive 
implants with Deadwyler at Wake Forest 
Baptist Medical Center in North Carolina.  
“And the retinal and cochlear implants are 
input devices. We take output from a machine 
and input it to one part of the brain.” 

When translating between two areas of the 
brain, however, you need a device that can do 
both: record activity from one set of neurons 
and then electrically stimulate another set of 
neurons to replay it whenever it is needed. 
Needless to say, it’s an endeavour rife with 
challenges. “To make a cognitive device, we 
first have to know what a memory looks 
like,” says Hampson. The search for a memory 
trace in the brain has been complicated by the 
fact that there are many different kinds of 
memories: there’s the short-term “working 
memory” that helps you to remember a phone 
number before you dial, sense memories that 
might include the echo of what someone’s just 
said, and long-term memories of facts, skills 
and experiences. It is this long-term recall, and 
how it emerges from working memory, that 

The memory fix
Implants that bridge damaged parts of the brain are  

no longer a distant dream, says Sally Adee
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If you could create electronics that interpret 
the signals from one area, circumvent the 
damaged parts, and write them into the 
second area, you could help people regain the 
ability to form new memories, or even gain 
access to precious old ones. Such a chip would 
act as a kind of brain bypass. 

Getting there won’t be easy: such an 
implant requires neuroscience that is only 
now beginning to be understood. More than 
that, however, these new technologies raise 
ethical questions that were once the reserve 
of science fiction. Our memories define us, 
so preserving them from damage could save 
our identity – but when your memory is a 
computer algorithm, are you still the same 
person? It’s almost time to find out: the first 
human studies will begin within five years. 

 Our ability to communicate directly with 
the brain has accelerated rapidly over the past 
two decades. The technology – known as brain-
machine interfaces – has restored hearing 
and sight in the form of cochlear and retinal 
implants. It has also helped people control 
prosthetic limbs: one robotic arm, connected 
to the motor cortex, has such sensitivity 
that amputees can hold a cup of coffee, pick 
individual grapes and even play the guitar. 
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Deadwyler and Hampson are interested in.
Although each memory trace is different, 

all long-term memories begin life in a region 
called the hippocampus, the brain’s “printing 
press”. Place an implant here and it might be 
possible to record memories as they form. The 
next step is to figure out the neural code that 
represents a particular memory. The key is 
thought to lie in the exact firing pattern of 
interconnected neurons; one synchrony of 
neurons might translate to your idea of the 
Eiffel tower, for instance, while another, 
perhaps overlapping, network might 
represent Paris more generally. 

Quietly, over the past couple of decades, 
neuroscientists have begun to find ways 
to crack that code. Early steps were made 
in the 1990s by Theodore Berger at the 
University of Southern California, who turned 
to a technique called multi-input/multi-
output. MIMO is more typically used to tease 
signal from noise in wireless communications, 
but Berger realised he could apply the same 
principle to pick out meaningful signals from 
the noise of millions of neurons firing. The 
quest didn’t endear him to sceptics. “People 

SOURCE CODE

We’ve come a long way in our ability to 
decode the meaning of the brain’s signals – 
far enough to allow people to control 
wheelchairs with their thoughts and perhaps 
even restore their ability to form new 
memories (see main feature).

But before you can tease out what the 
brain’s signals might mean, you first need 
a high-fidelity signal. There are many ways 
to eavesdrop on the brain’s electrical 
communications, and they’re all about 
trade-offs. Think of it as a night at a concert. 
Non-invasive electrodes on the scalp can 
listen to the entire orchestra. You can zero in 
on the string section by getting a little more 
invasive with electrocorticography, which 
involves placing a sheet of electrodes on the 
surface of the brain. But if you want to listen 
to an individual violin, you have no choice but 
make direct contact with individual neurons. 

Such high precision requires inserting 
deep-penetrating electrodes – which come 
with several caveats. Their insertion can rip 
and slice the surrounding neurons, causing 
oedema and scarring, and the brain’s immune 
response forms scars that wall off the 
invading object. Soon, the electrodes can no 
longer read any meaningful information.

As a result, few implants have lasted more 
than a year or two. “Ideally you want a lifetime 
implant,” says Mohammad Reza Abidian of 
Pennsylvania State University in University 
Park. We may soon be able to extend their life 
expectancy by “up to 10 years”. Abidian has 
surveyed what neuroscientists are exploring 
for the next generation of electrodes.

1. Shrink
Creating thinner wires mitigates one of 
the major mechanical issues with brain 
implants – the fundamental mismatch 
between a hard, rigid electrode and a soft, 
squishy brain. The thinner you make them – 
and some are now nanofilaments – the more 
bendy they become and the less they’ll 
irritate the brain. 

2. Camouflage 
No matter how thin, penetrating electrodes 
will give themselves away as foreign objects 
because they are made of silicon with metal 
tips. Some scientists are looking into 
biocompatible materials and hydrogels to 
render the interlopers invisible. Wrapping 
polymer electrodes in silk is another option, 
allowing them to easily slide into soft brain 

tissue. Once inside, the silk dissolves and is 
absorbed by the brain – without an immune 
response. But even biocompatible materials 
won’t fool the brain’s immune cells all the time.

3. Infiltrate 
To really blend in, you need to trick the brain 
into thinking your implant is alive. To do this, 
some researchers are looking into organic 
electrodes, made of materials such as 
polymers and hydrogels, which are most 
famously found in contact lenses. 

4. Seduce 
A perfect implant would not just be tolerated 
but would entice neurons into embracing the 
electrodes, growing into and around them. 
Neuronal connections tend to be insulated 
with myelin, so researchers at the University of 
California, San Francisco, have built polymer 
scaffolds that encourage the brain to lay myelin 
around implants, which should improve the 
chances of making a good connection. Others 
are doping electrodes with neurotransmitters, 
proteins and nerve growth factors. 

Besides listening to neurons, electrodes 
often need to stimulate them, which can also 
cause damage if done repeatedly. A left-field 
technique may minimise the intrusion. 

Using a technique called optogenetics, 
researchers can use pulses of light to switch 
the genes inside individual neurons on or 
off. This should make it possible to pinpoint 
specific parts of the brain, the way only 
penetrating electrodes can now. There are 
even indications that it can be done without 
the fibre-optic cable that is currently 
necessary to deliver the light into the brain: 
passing certain wavelengths of light through 
an intact skull has shown promise. 

There’s just one catch. To make the cells 
sensitive to light, you need to insert a gene 
using gene therapy. Even so, neuroscientist 
Sam Deadwyler at Wake Forest University 
in North Carolina thinks that while using 
optogenetics in humans is a long way off, it’s 
the only way cognitive prostheses will ever 
be used beyond people with brain injuries 
and diseases. “It’s a technology that doesn’t 
require you to put electrodes in the head,” he 
says. “That would make it possible to adapt 
for general use.” 

In other words, if it doesn’t require brain 
surgery, it’s something people might use 
some day simply to improve their memory. 

“ Place an implant in the 
brain’s ‘printing press’ and 
we may be able to record 
memories as they form”
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called him crazy for a long, long time,” says Eric 
Leuthardt, a neurosurgeon at the University of 
Washington in St Louis, Missouri. 

It’s not that memory signatures have been 
invisible to other scientists. There has been 
some evidence to suggest that people have 
extremely specialised neurons that fire in 
response to a single concept, such as their 
grandmother or Jennifer Aniston. 

However, these so-called grandmother 
cells encode a narrow range of ideas, whereas 
Berger was chasing the ability to encode any 
memory. Slowly but surely he has shown that 
the MIMO algorithm can do this – by using 
it to isolate the specific signal behind the 
memory of an action, and then replaying 
that exact sequence. 

In one groundbreaking experiment, Berger – 
now working with Deadwyler and Hampson – 
implanted a chip containing electrodes into 
the hippocampus of rats. Then they used the 
MIMO algorithm to isolate and record the 
relevant neural code as trained animals 
pressed one of two levers to receive a treat. 
After drugging the rats to impair their ability 
to remember which lever gave the treat, the 

team then used the same electrodes to deliver 
the same firing pattern back to the neurons. 
Despite its amnesia, the rodent knew which 
lever to push. In other words, the algorithm 
had helped to restore the rat’s lost memory. 

It was a triumph, demonstrating that 
electronics can crack the neural code and 
potentially replace damaged areas of the 
brain – acting as an artificial hippocampus 
to treat amnesia, for instance. 

One key question raised by Deadwyler’s 
research was whether we each have a different 
neural code, or whether there is a more 
generalised language shared by everyone. This 
is where Deadwyler and Hampson’s attempts 
to transplant memories between rats comes 
in. Their experiments typically involved two 
sets of rats trained to run between two arenas, 
pressing a series of levers in a certain order. 
Importantly, one set was trained to delay their 
actions – they had to pause for up to 30 seconds 
before they were able to press one of the levers – 
while the second set was not. Presented with 
the unexpected delay, the second set of rats 
lost the plot – they could not remember which 
lever they had been taught to press. But when 

Deadwyler and Hampson used MIMO to record 
the brain activity for this task in the first group 
and replayed it in the second using electrodes, 
those rats began to act as if they had taken the 
alternative form of training, choosing the 
correct lever even after a long pause, even 
though that had not been part of their 
previous experiences. “Our model lets us 
establish a memory that has not been used 
before,” Hampson says.

Was the set-up really this good? Or could 
their success be explained by some other 
cause? Deadwyler and Hampson embarked 
on an enormous number of control 
experiments to rule out every other 
explanation, including the possibility that 
it was just an unintentional artefact of 
electronically tickling the brain, or some 
general improvement caused by electrical 
stimulation. Finally, in December the paper was 
published: it really is possible to plant a general 
signature of a memory in the brain (Journal of 
Neural Engineering, vol 10, p 066013). 

If that could be replicated in humans, a chip 
could come with ready made code that could 
give people a head start on relearning general 
skills such as brushing your teeth or driving a 
car, say – actions that are often lost after brain 
damage. “Before we can get someone with 
brain damage back to work, we want to return 
their capability to form those fundamental 
declarative memories,” says Justin Sanchez, 
who is in charge of neuroprosthetics research 
at the University of Miami in Florida.

Wired up
Further developments should allow these 
neural chips to tackle more sophisticated 
problems than simple skill learning. “Think 
of the guy coming back from war who can’t 
remember his wife’s face,” says Sanchez. For 
that kind of recognition, the brain breaks 
down the person, place or object into specific 
features – such as the colour of their hair or 
their height – and encodes them separately. 

Using MIMO to replicate that process 
is an ambitious challenge that Deadwyler 
and Hampson have begun to explore more 
recently. For instance, they trained macaques 
to remember the position and shape of a 
picture on a screen, and then choose the same 
image from a much larger selection nearly a 
minute later. All the while the algorithm, via 
electrodes in the macaques’ brains, recorded 
the neural signals that formed in the >
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prefrontal cortex and hippocampus. Then they 
drugged the monkeys to disrupt their ability to 
form new long-term memories, before getting 
them to perform the task again. When they 
electrically stimulated neurons with the same 
signals that they had recorded on successful 
trials, those monkeys performed a lot better. 
By injecting the code, they had stimulated the 
hippocampus and the prefrontal cortex to 
reproduce the “correct” memories. 

Intriguingly, Deadwyler and Hampson had 
found patterns that corresponded not to the 
exact images the monkeys were looking at,  
but to more universal features in them, such 
as whether they contained the colour blue, or  
a human face. “This is how we think memory 
works,” says Deadwyler: instead of wastefully 
creating separate neural signatures for every 
new person, place or thing you encounter, the 
brain breaks the incoming information down 
into features. “Then to remember a specific 
item, you don’t need to remember everything 
about it,” he says. Rather than the fine details, 
it’s the combination of features that help bring 
the item in question back to mind. 

The monkeys’ own brain plasticity may 
have given the algorithm a helping hand,  
says Daofen Chen at the National Institutes of 
Health in Bethesda, Maryland. “The brain tries 
to meet the machine halfway,” he says. “It is 
an adaptive process. Give the brain enough – 
even imperfect – information, and it can 
translate it into something it finds useful.” 
This phenomenon has already been robustly 
demonstrated for cochlear implants, and it 

1870

Gustav Fritsch and 
Eduard Hitzig show that 
electrical stimulation to 
the brain’s motor cortex 
can control the body’s 
movements

1956

First patent awarded 
for a retinal implant to 
restore sight to blind 
people. It took decades 
for a working device to 
be realised

1957

First human trial of 
cochlear implants, 
which transmit sound to 
the brain. Although the 
technology was crude, it 
showed that electronics 
can translate sensory 
information into the 
brain’s language

1996

Electrodes were 
implanted in the right 
and left hemispheres 
of a monkey’s brain, 
giving it control of a 
prosthetic arm

2004

A volunteer with 
quadriplegia tested 
BrainGate, a device 
implanted into his brain 
that allowed him to 
switch on lights, change 
channels on a television 
and manage e-mails 
using only his thoughts

Rebuilding broken brains
Electronic implants could help people with brain damage by recording neural signals and then relaying  
them around the damaged area

A bridge between 
Broca’s area and 
Wernicke’s area

could help
restore language 

Implanted chips tend to involve a panel 
of electrodes that can record 

neuronal signals and also 
stimulate neurons in

a particular sequence

A chip in the hippocampus 
could help restore the 

ability to form memories 

A chip in the 
prefrontal cortex
could restore 
decision-making and 
executive control

could be a powerful aid to any brain-injured 
people hoping to use future cognitive implants.

As the technology improves, brain chips that 
incorporate electrodes and algorithms like 
MIMO may be able to translate extremely fine 
details of an experience. Ranulfo Romo at the 
University of Mexico has shown that his chips 
can pick up the signals that capture very subtle 
changes in sensory perceptions, such as a 
certain frequency of vibrations against the skin. 
As a proof of principle, he even used the set-up 

to implant one monkey’s ongoing sensations 
into another’s brain, as if they were telepathic. 
“The monkeys integrated the false perception 
as their own working memory,” says Romo. 

The work is an important sign of the recent 
progress, says John Donoghue of Brown 
University in Providence, Rhode Island, whose 
work on brain-machine interfaces inspired 
current neuroengineering. “The monkey 
had to make a sophisticated perceptual 
distinction,” he says. “Romo showed that 

The rise of the silicon brain
It is nearly 150 years since scientists discovered that the brain’s neurons can be stimulated with 
electricity. The hope is that chips doing just this can bypass damaged parts of the brain – restoring lost 
sight, movement and memory. Progress has been slow, however
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not only do you detect the information,  
but you can use it as if it were real,” he says. 

Such fine-tuned decoding of sensory 
information could have important 
applications beyond restoring perceptual 
information to memories. For instance, 
sometimes people lose the ability to speak 
thanks to damage in the brain between 
Wernicke’s area and Broca’s area. A chip capable 
of picking up on those detailed sensory  
signals and translating them between the two 
regions might therefore return their speech.

Despite these advances, the biggest 
unknown is the quality of the experiences. 
“For an animal, you can’t ask them ‘what is 
your perception of a memory?’,” says Sanchez. 
That could soon change. The Restoring Active 
Memory project, run by Sanchez for the US 
Defense Advanced Research Projects Agency 
(DARPA), is pushing the research into 
human trials. It is due to select researchers 
for funding at the end of this month, and 
one of the first steps will be to understand how 
the experience of a new memory translates 
into electrical code in the human brain. 

Prying into the hippocampus is already 
a familiar undertaking, thanks mostly to 
experiments on people with intractable 
epilepsy, whose doctors eavesdrop on  
their brain signals using deep penetrating 
electrodes to better understand their 
condition (see “Source code”, page 34).  
MIMO, Sanchez says, is only one of several 
contenders for processing these signals. After 
the competing algorithms and electronics 

have been tested and refined on volunteers 
like these, prototype chips will enter clinical 
trials. These studies will require the approval 
of the US Food and Drug Administration and 
informed consent of the volunteers. If deemed 
sufficiently safe by the FDA, a chip will be 
cleared for use. DARPA hopes to use the 
resulting implants to help soldiers who  
return from war with traumatic brain injuries. 

Several neuroengineering researchers 
envision similar chips for people with 
Alzheimer’s disease and stroke, depending 

on the extent of the damage. In more severe 
cases of brain damage, Hampson imagines 
a device worn on the belt, with buttons that 
help you remember specific locations and 
their meanings. “Let’s say I’m in the kitchen – 
I need to remember where the silverware is,” 
he says. The patient would press the right 
button “and the memory pops up because 
we’ve stored the code”.

As the target population for such implants 
widens, the obvious ethical questions centre 
around issues of informed consent. After all, 
for most experimental procedures, consent 
requires a sound mind, and memory chips are 
specific interventions for people whose minds 

have been damaged. Both Deadwyler and 
Sanchez say this issue is more straightforward 
than it appears: procedures have long been 
in place to allow close relatives of people in 
comas or with illnesses such as Alzheimer’s 
to make decisions for them.  

The deeper questions about memory 
modification were familiar staples in the arts 
long before Neo uploaded kung fu. As Luis 
Bunuel, arguably the father of surrealist film, 
put it: “Our memory is our coherence, our 
reason, our feeling, even our action. Without 
it, we are nothing.” If you change those 
memories artificially, are you still you?

Deadwyler and Hampson’s rat experiments 
highlight one possible concern: your 
memories may no longer be your own. 
“Activate the right circuits, and you generate 
the illusion that you are recalling something,” 
says Romo. What kind of controls could ensure 
that every implanted memory reflected the 
reality of that person’s environment? And 
whether or not those memories are your own, 
sparking neurons related to memory will 
eventually lead, directly or not, to changes in 
your decisions – so who is responsible for the 
consequences of those decisions? 

There is also the chance that such chips 
could regurgitate long-buried events. Not all 
of those recollections will be wanted – one of 
the brain’s biggest talents is to forget, as well as 
to remember. But perhaps it’s a small price to 
pay for a lifetime of new memories to come.  ■

Sally Adee is a features editor at New Scientist

2008

Another volunteer with 
quadriplegia performs 
sophisticated 
movements with a 
prosthetic arm, 
controlled via a chip 
in his motor cortex 
that sent commands 
to the arm

2010

Treatment-resistant 
depression is mitigated 
by stimulation with a 
deep-brain electrode

2011

An electrode array 
manages to restore a 
rat’s memory after 
its hippocampus is 
temporarily disrupted – 
showing the technique 
could cure some forms 
of amnesia

2012

Second Sight, based 
in California, creates 
glasses with an 
integrated camera that 
converts images into 
electronic patterns. 
These are sent to a small 
patch of electrodes 
surgically attached to 
the retina, where they 
stimulate nerves 
leading to the brain. A 
small group of blind 
volunteers reported that 
the system let them 
detect hand movements.  
Some could even count 
fingers

2012

A prosthetic arm created 
at the University of 
Pittsburgh – directed 
by two implants in the 
motor cortex – allowed 
a 52-year-old woman 
paralysed from the neck 
down to eat without 
assistance for the first 
time in 10 years 

2014

DARPA’s Restoring 
Active Memory project is 
launched. It aims to 
begin human trials on 
memory implants within 
five years

“ Activate the right circuits, 
and you generate the 
illusion that you are 
recalling something”
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SNAKE! Just the thought is enough to 
trigger a spasm of fear in many of us. 
Snakes make biologists’ hearts beat 

faster, too, but for a different reason: in 
evolutionary terms, they may be the most 
surprising group of vertebrates on Earth.

Their long, legless bodies, it turns out, 
are the least remarkable thing about them. 
It’s on the inside that snakes have made 
extraordinary changes. They have pared down 
their internal organs, mostly eliminating one 
lung and all but one lobe of the liver. They have 
evolved a novel heat-detecting sense organ 

Under 
the 
hood
Snakes have evolved in amazing ways, says Bob Holmes, 
and losing their legs was the least of them

JO
EL

 S
A

RT
O

R
E/

N
G

C/
GE

T
T

Y 
IM

A
GE

S

and the most sophisticated venom system 
of any animal, and they can turn their 
metabolism up and down more dramatically 
than any other vertebrate. This re-engineering 
even extends to the molecular level – proteins 
that have remained unchanged across other 
vertebrates have been rebuilt in snakes.

“It looks like evolutionarily, snakes are  
a kind of redesigned organism,” says  
Stephen Mackessy, who studies snakes at  
the University of Northern Colorado in 
Greeley. And with the help of the first two 
snake genomes to be sequenced, we are 

beginning to piece together their remarkable 
evolutionary journey.

The story of how snakes evolved begins just 
over 100 million years ago, with a lizard or 
lizard-like reptile. Biologists are still debating 
about exactly which group the ancestor of 
snakes belonged to. A few think snakes are 
descended from the marine reptiles known 
as mosasaurs, but they are in the minority. 
“I think the great bulk of the evidence points 
to a terrestrial origin for snakes, and even a 
burrowing or secretive origin,” says Harry 
Greene, an evolutionary biologist at Cornell 
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might have been burrowers.
Acquiring a snake-like body involved 

surprisingly few mutations. The “grow limbs 
here” genes are still active in snake embryos, 
says Michael Richardson, a developmental 
biologist at Leiden University in the 
Netherlands, but the cells in these areas just 
ignore the signal, so no legs form. Snakes get 
their long bodies by budding off vertebrae at 
an unusually fast rate as embryos, so that they 
end up with many more than other animals – 
over 500 in some species.

In fact, it appears to be really easy for lizards 
to evolve a snake-like body, as it has happened 
on numerous occasions. “There are dozens of 
lizard lineages that have lost their limbs, “ says 
Michael Lee, an evolutionary biologist at the 
South Australian Museum in Adelaide. Most, 
however, are small burrowers, seldom seen 
and little studied.

Extraordinary abilities
The ancestors of snakes, by contrast, slithered 
back above ground and started to hunt larger 
prey, eventually giving rise to fearsome 
predators such as rattlesnakes and cobras. 
There are around 3400 species of snake today, 
found everywhere except in the coldest polar 
regions. Some have colonised tropical seas, 
and never touch dry land. Others, like boas 
and pythons, have grown very large – although 
even the biggest snakes living today are small 
compared with Titanoboa, an extinct snake 
that grew to more than 10 metres in length 
and weighed over a tonne. No other group 
of legless lizards is as diverse and widespread. 
“None of them are as successful as snakes,” 
Lee says.

What makes snakes special, then, are the 
less obvious changes that occurred after their 
ancestors lost their legs. In particular, snakes 
have some extraordinary metabolic abilities. 
These started to evolve very early on; blind 
snakes – which branched off early in snake 
evolution – show extensive changes to their 
mitochondrial genes that may have allowed 
proto-snakes to burn less energy by turning 
down their metabolism.

This paved the way for the very effective 
strategy early snakes adopted as they moved 
back above ground: eating occasional big 
meals rather than lots of little ones. As a result, 
snakes don’t have to spend all their time 
hunting – when they are vulnerable to being 
preyed upon themselves – and can cope >

The success of snakes is due to some 
remarkable internal re-engineering

University in Ithaca, New York.
The mainstream view is that proto-snakes 

belonged to a group whose living 
representatives include the monitor lizards 
and Gila monsters. So why did some members 
of this group lose their legs and elongate their 
bodies? Most likely it was to chase insects 
through subterranean burrows or tangles 
of grass. Indeed, the most primitive snakes 
found today – a group called the blind snakes 
because of their vestigial eyes – still live 
underground feeding on ants and termites, 
supporting the notion that the earliest snakes 

“ The difference in 
metabolism between  
a live snake and a dead 
snake is minimal”
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with times when food is scarce.
For an animal that swallows its prey whole, 

though, eating large meals is a challenge. 
Their remarkable ability to swallow prey  
much larger than their heads required 
extensive changes. The skin around their 
mouth is unusually folded, for instance, 
allowing it to expand much further than that 
of most animals, says David Cundall of Lehigh 
University in Pennsylvania. And his studies 
show that some muscles in the jaws can 
stretch so much that the interlocking actin 
and myosin proteins are ripped apart from 
one another, then gradually return to their 
normal positions after feeding.

The metabolic adaptations of snakes are 
even more dramatic. Between meals, for 
instance, the Burmese python goes into 
almost complete shutdown, reducing its 

resting metabolic rate to the lowest level 
known in any vertebrate. “When snakes are 
idling, the idle is extremely slow,” says Todd 
Castoe of the University of Texas at Arlington. 
“The difference in metabolism between a live 
snake and a dead snake is minimal.” This 
means large snakes can go many months 
without a meal.

Metabolic marvels
When, say, a python swallows an antelope, 
though, everything changes. Now the race is 
on to digest the huge meal. Within days of 
feeding, a python’s small intestine and liver 
double in mass and its kidneys and heart also 
increase greatly in size, while its metabolic 
rate increases up to 45-fold (see diagram, 
above). That’s about the same metabolic 

ramp-up as seen in a racehorse sprinting in 
the Kentucky Derby, says Castoe. “But that’s 
running flat out across the field. When snakes 
are at their peak, they are motionless.”

This frantic activity continues for several 
days. Within two weeks, its meal fully digested, 
the snake shuts everything down again.

What made these metabolic feats possible? 
Castoe is a member of the team that last year 
completed the first two snake genome 
sequences, belonging to the Burmese python 
and the king cobra. By comparing these 
genomes with those of other vertebrates, 
they were able to work out which genes 
had changed and when, and look for the 
fingerprints of natural selection. 

What they found was astonishing. Of 
7442 genes common to all land vertebrates, 
772 had changed as a result of natural 
selection. And the vast majority of those 
changes – 516 of them – were present in both 
species, meaning they occurred more than 
80 million years ago, before pythons branched 
off from the lineage leading to cobras.

Changes to a few hundred genes might not 
seem much, but it is an extraordinary number 
given that most genes are involved in basic 
processes that vary little from species to 
species. “It’s somewhere around an order 
of magnitude more than we’re used to,” 
says Castoe. He thinks that these extensive 
changes are what allow snakes to ramp their 
metabolism and their organs up and down as 
required. That remains to be proven, but many 
of the genes concerned are indeed involved in 
metabolism and organ development. 

Indeed, a few years ago, Castoe found that 
snakes had even tinkered with one of the 
“untouchables” of evolution: a protein called 
cytochrome oxidase I, which enables cells to 
“burn” food to produce energy. “It’s the reason 

Even as the first snakes were gaining some 
extraordinary abilities, they lost others. 
During the millions of years that the small, 
burrowing proto-snakes lived underground, 
their eyelids fused shut and their eyes 
degenerated. When early snakes moved 
back above ground, they had to cobble 
together working eyes from what was left. 
They had lost a special structure for 
nourishing the retina, so they evolved  
blood vessels to replace it – but these pass  
in front of the retina, obscuring vision.

Proto-snakes also lost the ability to focus 
images by changing the shape of the lens. 
Their descendants instead evolved a way of 
focusing by moving the lens back and forth 
within the eyeball, much as Sherlock Holmes 
moves his magnifying lens to focus on a clue.

The fused eyelids – called spectacles – 
have remained firmly shut to this day. 
Instead, they have become almost 
completely transparent. With no proper 
eyelids the spectacles are easily scratched, 
but they are renewed when the skin is shed. 

Another problem is that there are blood 
vessels running through the spectacles.  
Last year it was shown that these blood 
vessels constrict for longer than normal 
when snakes see something threatening, 
presumably to give the animals clear vision 
when it is most needed.

While snakes’ eyesight is probably not as 
good as it might otherwise have been, their 
other senses are highly developed. Some 
can even “see” in the infrared thanks to 
special heat-sensing pits on their faces.

SO
U

RC
E:

 P
N

AS

After the blowout
A huge meal leads to massive changes in snakes: their metabolic rate soars, and some internal organs increase greatly in size
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you breathe oxygen,” says Castoe. Parts of 
this protein have remain unchanged in most 
organisms for a billion years, yet snakes have 
altered these key parts. Castoe has not yet 
shown whether these changes contribute to 
snakes’ metabolic superpowers, but he thinks 
it is very likely.

Of course, being able to ramp up your 
metabolism to cope with huge meals is one 
thing; catching those meals in the first place 
is quite another. One branch of the snake 
family evolved a very effective way to deal 
with large prey: venom.

It’s not clear exactly when venom first 
evolved. Based on similarities between 
venom proteins, Bryan Fry of the University 
of Queensland in Brisbane, Australia, has 
suggested that the ability to make venom 
evolved around 200 million years ago in a 
lizard ancestor of snakes and modern 
venomous lizards. If so, early snakes may have 
had venomous saliva, which could enter their 
victims’ blood through the puncture holes 
made by ordinary teeth. Other biologists, 
however, think the protein similarities 
Fry found may be the result of convergent 
evolution rather than a common origin, 
and that venom has evolved separately on 
several occasions.

What’s clear is that the sophisticated 
fangs found in most venomous snakes today 
evolved some time after 80 million years ago, 
which is when the non-venomous boas and 
pythons branched off from the ancestor of 
vipers, cobras and other venomous snakes. 
This ancestor evolved rear fangs with grooves 
along which venom could flow. In some snakes 
these fangs moved forward in the mouth and 
the grooves deepened, eventually giving rise 
to hollow teeth resembling hypodermic 
needles, along with a muscular system for 
pumping venom through them.

Freek Vonk, an evolutionary biologist at the 
Naturalis Biodiversity Centre in Leiden, the 
Netherlands, and his colleagues have been 
studying snakes’ venom as well as their fangs. 
They identified venom genes in the cobra, 
then looked to see which genes were most 
closely related in the Burmese python and the 
anole lizard. To their surprise, they found that 
the cobra seems to have assembled its venom 

bomb from ordinary household materials: 
most of the 20 families of genes that code for 
toxins are related to genes that perform day-
to-day housekeeping functions within cells.

These day-to-day genes also tend to be 
active at low levels in all tissues. “That means 
when you make a new gland, the odds are  
good that the gene will be expressed there,” 
says Castoe, who  was also part of the team. 
Sometimes snakes simply hijacked the gene, 
converting it to a new, venomous function. 
More often, though, the original gene was 
duplicated, often many times, giving snakes 
lots of spare proteins to experiment with and 
turn into deadly toxins.

The result is that the venom of most 
advanced snakes is a fantastically complex 
mix of toxins – more than 100, by some 
counts – that varies depending on species, 
locality and sometimes even between 
individuals of the same species. All this 
diversity helps snakes keep ahead in the 
evolutionary arms race: if snakes had just 
a single toxin, it would be easier for their 
prey (and predators) to evolve resistance.

Not every component of venom is there 
primarily to kill prey or defend against 

predators, though. Many snakes, especially 
rattlesnakes, have venoms rich in toxins that 
break down the tissues of bitten animals. 
This helps rattlesnakes, which eat unusually 
large prey, win the race between digestion 
and rot, says Mackessy. In addition, Mackessy 
recently discovered that one component of 
rattlesnake venom, a toxin called crotatroxin 
that inhibits blood clotting, also serves as a 
scent trail that helps the snake locate bitten 
animals after they die.

All this is only the beginning. Castoe, Vonk 
and their colleagues are already working to 
sequence more snake genomes. At the top of 
their list are a blind snake – of interest because 
of its resemblance to early snakes – and the 
Malayan pit viper, with its infrared sense 
(see “Seeing through closed eyes”, left). 
These two genomes should cast further 
light on the origin and evolution of the many 
adaptations that make snakes such unusual 
and fascinating organisms. “The potential for 
unlocking the secrets of snake biology is just 
huge,” says Green.  ■

Bob Holmes is a consultant for New Scientist based 
in Edmonton, Canada  

Deadly venom is 
very useful when 
hunting prey

If you get bitten by a venomous snake, a dose of antivenom containing 
antibodies that neutralise the toxins could save your life. But which antivenom 
will work? Many snakebite victims don’t know which snake bit them, so drug 
companies produce cocktails of antivenoms that work against several species. 
This is expensive, however, and increases the chance of an allergic reaction. 

Nicholas Casewell and his colleagues at the Liverpool School of Tropical 
Medicine in the UK think there is a better way. They are using genetics to 
identify regions of venom proteins that are the same in different snake species. 
They then design antibodies to bind to these regions, meaning each antibody 
should be effective against the bite of several snake species. The ultimate 
result should be cheaper and safer antivenoms.

ONE ANTIVENOM TO CURE THEM ALL 

“ Snake venom can be a 
fantastically complex mix 
of more than 100 toxins”
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JUDITH Bartlett was 28 when she became a 
missing person. She vanished on her way 
to work one day in 1964, in the country 

town of Bathurst, New South Wales. There 
were several investigations, but no leads. 
Her three young children grew up confused 
and hurt that she would abandon them. 
“I had a mother who I thought loved me,” 
Bartlett’s daughter Frances Ryan, who was 
10 at the time, recently told reporters. 
“Then I was told she’d gone away.” 

In Australia alone, each year about 1600  
people are listed as missing long term. Too 
often, families never find out what happened. 
But in 2009, human remains were found in 
remote bushland, more than 200 kilometres 
outside Bathurst. There was little to work 
with, but police sent bone fragments to 
archaeologist Fiona Petchey at Waikato 
University in New Zealand for analysis. An 
expert in radiocarbon dating, Petchey was 
accustomed to working with pieces of bone 
left behind by the first Pacific Islanders 
around 3000 years ago. But dating these much 
younger bones would require different tools.

Rather than base her analysis on the 
decay rate of naturally occurring carbon 
isotopes – the norm in radiocarbon dating – 
Petchey used another source: fallout from 
nuclear bombs that has lingered in the 
atmosphere since the peak of cold war 
weapons testing in the early 1960s. Petchey 

concentration is slowly returning to its natural 
levels. Bit by bit, accuracy will slip. There may 
only be a decade or two left. 

Before the invention of thermonuclear 
weapons in the 1950s, natural levels of 
radiocarbon were produced by cosmic rays. 
Highly energetic neutrons zipping through 
the atmosphere collide with nitrogen  
atoms, creating a radioactive isotope of  
carbon known as carbon-14 by knocking  
out a nitrogen proton and taking its place. 
Carbon-14 is absorbed by plants during 
photosynthesis and passed up the food chain, 
ending up inside the cells of all living things. 

Carbon-14 decays to carbon-12 with a 
half-life of about 5700 years. So, from the 
moment an organism dies – and stops taking 
on new carbon – the amount of carbon-14 in 
its cells will decrease. By measuring the ratio 
of carbon-12 to carbon-14, radiocarbon dating 
can give the rough age of organic tissue going 
back 40,000 years. This is how Petchey dates 
ancient tissue, for example.

Standard carbon dating is great for studying 
Palaeolithic diets or identifying the skeleton 
of Richard III, but when it comes to more 
recent material you hit a problem. For the past 
200 years, carbon-12 emissions from fossil 
fuels have been diluting the amount of 
carbon-14 in the atmosphere, making accurate 
dating of recent material impossible.

Until we learned to stop worrying and use 

was able to confirm that the police were now 
dealing with a murder case.

Since the first demonstration of the forensic 
technique in 2005, a number of labs around 
the world have dated bodies this way. It is the 
only accurate method to set a time of death 
when you have nothing else to go on. But it 
isn’t just a crucial new tool for criminal 
forensics. This kind of carbon dating can also 
allow investigators to date ivory and rhino 
horn to work out if the source is illegal. Other 
researchers are using the technique to study 
the renewal of human brain cells, finding that 
our brains turn over cells at a greater rate and 
in more regions than we thought, giving 
insights into disease and the effects of ageing. 

One of the darkest legacies of the 20th 
century is proving to be the key to a great 
many secrets. But there is a catch – time is 
running out. As the artificial spike in 
radiocarbon produced by the bomb tests is 
absorbed by the biosphere, the atmospheric 

Cold war weapons tests had an unexpected upside, says Gaia Vince. 
But time is running out to reap the benefits 

“ With nothing else to go 
on, the bomb curve is 
the only accurate way 
to set a time of death”

Explosive revelations





“There are thousands 
of John and Jane Does 

this tool could help 
to identify”
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the bomb data, that is. Between 1952 and 1963, 
when above-ground testing was banned, the 
US and the Soviet Union doubled the amount 
of carbon-14 in the atmosphere by detonating 
thermonuclear weapons. As the two nations 
rushed to complete their testing before the 
ban came into effect, levels rose sharply and 
then steadily fell (see diagram, above). 

This gives us what is known as the bomb 
curve. By measuring the amount of carbon-14 
in organic material and matching it to records 
of levels of radiocarbon in the atmosphere 
going back to the 1950s, we can tell when it 
formed. And for tissue that renews itself, such 
as bone collagen, it also gives a good estimate 
of the date of death. The amount of carbon-14 
in Bartlett’s bones, for example, mirrored the 
amount in the atmosphere when she died. 
DNA tests confirmed that it was her. 

When no other tissue is available, bone 
collagen will do. But it is less precise for dating 
time of death than other tissue, because it is 
replaced every 10 to 20 years during a person’s 
lifetime. Carbon-14 could have been taken up 
at any point in that period. Hair or fingernails 
are far more useful because they are faster 
growing, taking up carbon more frequently as 
they make new cells. The radiocarbon level is 

therefore more up to date. Using the bomb 
curve, fast-growing tissue dates the time of 
death to within months. And where cells are 
not replaced, such as in tooth enamel, the 
curve also gives a person’s age at death. 

Tooth enamel acts like a forensic clock, 
says Bruce Buchholz, a physicist at Lawrence 
Livermore National Laboratory in California, 
who recently helped Canadian police work 
out the age of two people from their remains. 
One, a 4-and-a-half-year-old child from 
British Columbia, was initially thought to 
be around 7. Only a skull was left to identify 
the man unearthed in Newfoundland. His 
tooth enamel confirmed he’d died in his 
fifties and his hair gave the date. 

Samples are analysed using a mass 
spectrometer. “It only takes five minutes per 

sample,” says Buchholz. “And it’s incredibly 
precise.” Although researchers like Petchey 
and Buchholz have had great success with the 
technique, not many people know about it. 
“There are thousands of John and Jane Does 
that this tool could help to identify, but many 
forensics units aren’t even aware of it,” he says.

As Buchholz cleans up his latest scrap  
of tissue, another physicist, over on the  
east coast of the US, is working with very  
different remains.

Up to the tusk
Kevin Uno at the Lamont-Doherty Earth 
Observatory in Palisades, New York, is using 
the bomb curve in the fight against poaching. 
Elephant tusks grow throughout the life of the  
individual, so measuring the carbon-14 ratio  
in the tusk’s pulp reveals when an animal died. 
This is a vital tool in determining whether an 
ivory artefact is made from a tusk from an 
elephant that was alive after the Convention 
on International Trade in Endangered Species 
banned trade in ivory in 1989. 

Uno has been working with Environment 
Canada, which can confiscate and 
destructively sample items from auction 
houses if it suspects they are made from 
contraband ivory. Canada outlawed the trade 
in ivory in 1975, so any younger items are 
illegal there. And the technique can also be 
used to date other wildlife products, like rhino 
horns, tiger pelts and pangolin scales, as well 
as illegally logged hardwoods. 

Uno hopes bomb curve dating will give 
him a handle on the wildlife trade on a 
global scale. Every year, on the basis of large 
seizures of elephant tusks, conservationists 
calculate how many elephants have been 
killed and how many remain in the wild. 
“But what if some of these tusks in fact 
come from leaks in the vast stocks that 
governments hold?” says Uno.

Corrupt officials have a lot to gain from 
exploiting those ivory stores. “The illegal 
wildlife trade is worth some $20 billion a year,” 
he says. By using the bomb curve to date a 
random sample of seized tusks, it would be 
possible to work out how many come from 
government stores. 

While Buchholz and Uno use the bomb 
curve to uncover the secrets of the dead, 
others are chasing the secrets of the living. 
Jonas Frisén at the Karolinska Institute in 
Stockholm, Sweden, was one of the first to  
use the technique in forensics. But he soon 
realised that radiocarbon isotopes not only  
tell us when a person died, they also date the 

The bomb curve
Animal and plant cells can be dated by determining how much of a heavy isotope of carbon they contain. Carbon-14 
is produced naturally in the atmosphere by a chemical reaction triggered by cosmic rays. Nuclear weapon testing
in the 1950s and early 1960s led to a rapid rise in atmospheric levels, allowing more accurate dating
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death of individual cells. This has enabled 
Frisén’s team to gain insights into how 
organs grow and develop, the rate cells in 
different parts of the body are renewed,  
and which bits of us remain forever young.

The lining of the gut, for example, is 
replaced every five days. Rib muscles, on 
the other hand, last about 16 years. Almost 
the entire body is replaced during a person’s 
lifetime, including the skeleton. But Frisén’s 
most remarkable revelations involve the 
organs that do not fully renew themselves: 
the brain and heart. 

Using the bomb curve to date brain cells 
in human cadavers last year, Frisén found 
evidence of substantial neurogenesis in the 
dentate gyrus. These neurons are important 
for cognitive function and memory sorting, 
helping us tell similar things apart. “The 
Rolling Stones and The Beatles both played 
rock music, but the dentate gyrus helps you 
distinguish between them,” says Frisén. 

His team also looked at the human olfactory 
bulb, the smell centre of the brain, and found 
that unlike in other mammals the cells in this 
part of the brain do not renew themselves. In 
other mammals, the nearby lateral ventricular 
wall produces stem cells that then migrate as 
new neurons to the olfactory bulb. Humans 
also produce neural stem cells in the 
ventricular wall, but they don’t make it to the 
olfactory bulb. Instead, they migrate to the 
central striatum. Again, this is unique to us. 
“We’ve found quite pronounced neurogenesis 
in the human striatum, even though there is 
little or none in any other animal,” says Frisén. 
“It’s very exciting.”

The striata, organs the size of a golf ball on 
each side of the brain, are involved in motor 
control and have cognitive functions to do 
with learning and the development of 

addiction, for example. They are often 
affected by stroke and other diseases, 
including Parkinson’s and Huntington’s, 
which are incurable at the moment. Frisén 
thinks the new discoveries could change  
this. “We could harvest stem cells from the 
ventricular walls in these patients and  
perhaps implant the differentiated cells into 
their striata,” he says. 

Fundamental mysteries
Meanwhile, Frisén’s lab is also exploring the 
turnover of human heart cells. They found 
that heart cells are indeed replaced, just very 
slowly. In young people, about 1 per cent are 
replaced each year, dropping to 0.5 per as we 
age. “It means that even in very old people, 
half of their heart cells are the ones they were 
born with,” he says. “The majority of cells  
in the heart and cortex are not exchanged. 
They function decade after decade.” 

There are certainly dangers to frequent cell 
turnover, such as cancers. But here, too, there 
is uncertainty. “Colon cancer is very common, 
whereas small intestinal cancer is almost 
unheard of,” he says. “Why? Cell division 
occurs at the same rate in both.”

Frisén feels that with the help of the  
bomb curve he is on the cusp of unlocking 

fundamental mysteries about how the human 
body endures, heals and ages – something that 
could revolutionise the treatment of disease 
and slow our decline into old age. But there is 
still much to find out. Is replacing brain cells 
even viable, for example? “Maybe replacing 
them would be like swapping a hard drive,” 
he says. “You’d lose long-term memories and 
new ones wouldn’t be integrated.”

Bomb-curve dating is so far the only way 
to get an accurate picture of human cell 
renewal, especially in the brain. The window 
of opportunity is closing, however. There will 
soon be so little of the bomb test carbon-14 left 
in the atmosphere it will be impossible to 
distinguish samples from different years. 
“As the bomb curve becomes flatter, there is 
more uncertainty in the dating,” says Uno. 

So far Frisén has relied on improvements 
in mass spectrometry to offset the effect of 
the flattening bomb curve. He also has tissue 
stored in biobanks, in which the clock has 
essentially been stopped. But there is not 
enough to cover the multiple avenues 
people might want to explore. Researchers 
like Uno and Frisén are racing to do as much 
as possible before time runs out. 

Eventually, other dating techniques are 
likely to emerge, although there is nothing 
on the horizon. “It would be useful to have 
another carbon-14 pulse,” says Buchholz. 
“But no one wants another nuclear bomb.” 
Perhaps another isotope thrown up by past 
nuclear testing might be used, one that hasn’t 
been as diluted as carbon-14? There is no 
obvious contender. Strontium, for example, 
doesn’t hang around in the air long enough to 
be absorbed by living tissue. There is also a 
way to date organic material that relies on the 
fact that amino acids in cells contain a type of 
carbon that can be in two configurations. After 
death, it flips from one to the other. But the 
rate of flipping is sensitive to environmental 
influences like temperature and humidity, 
making it unsuitable for accurate dating.

In New South Wales, the terrible truth about 
their mother brought comfort to Bartlett’s 
children. “My brothers and I have found out 
that our mother didn’t leave us,” Ryan said. 
Without the bomb curve, it is unlikely her 
mother would have been identified. But we 
have perhaps only another decade for date 
of death analyses, says Buchholz. For now, 
everything hangs on the bomb curve. “We 
need to hurry, hurry, hurry,” says Frisén.  ■

Gaia Vince is a science writer based in London. Her 
book Adventures in the Anthropocene is out next 
month (Chatto & Windus, 2014).

Carbon isotopes left 
over from nuclear 
weapons tests could 
allow us to trace ivory 
back to illegal sources
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Virtual Unreality: Just because the 
internet told you, how do you know it’s 
true? by Charles Seife, Viking, $26.95 

The Fourth Revolution: How the 
infosphere is reshaping human 
reality by Luciano Floridi, Oxford 
University Press, £16.99

WE LIVE in revolutionary times. 
Information moves around the 
world at the speed of light and is 
duplicated endlessly, available to 
anyone with a connection. “For 
good and ill,” writes Charles Seife 
in Virtual Unreality, “digital 
information is now the most 
contagious thing on the planet.”

But the history of information 
is the history of misinformation 
too. Seife, a journalism professor 
at New York University, takes us 
on an entertaining tour of the 
many ways we are lied to online.  
It used to take a totalitarian state 
to create an alternative reality, but 
anyone can do it now. According 
to one estimate, a third of online 
reviews are fake. And fake images 
often pop up on news sites and 
social media, and even win prizes. 

In practice, the democratic ideal 
of Wikipedia, in which we are all 
editors, is anarchy. As it becomes 
harder to sift fact from fiction, 
Seife observes that we “are at 
the beginning of an information 
famine”. But he provides 
anecdotes to snack on while 
our stomachs grumble. 

Take Bert the Muppet. In 2001, 
he started keeping bad company. 
News reports showed protesters 
at anti-US rallies waving placards 
in which Bert’s scowling yellow 
face peered over Osama bin 
Laden’s shoulder. Had Bert been 
adopted as a mascot? 

The truth was more mundane. 
A few years earlier, a joke “Bert is 
Evil” website posted faked images 
of Bert hanging out with global 
nasties. The images spread so far 
that when a printshop created bin 
Laden posters, the images they 
found online included Bert.

And what of Amina Arraf, a 
Syrian-American activist blogging 
about life as a young, gay woman 
in Damascus? Following reports 
of her kidnap, “Free Amina” 
websites popped up everywhere. 
Except there was no Amina, just a 
US student at the University of 
Edinburgh, UK, called Tom 

MacMaster, who created Amina  
to give authority to his musings 
about Middle-Eastern politics. 

Seife’s book highlights the 
problems caused by internet 
identity: who are we online?  
The person we say we are, or the 
person typing? And if all opinions 
are valid, who is an authority?

In The Fourth Revolution, 
Luciano Floridi, a professor of 
philosophy and ethics at the 

University of Oxford, argues that 
online narratives change how we 
see ourselves. This is not bad per 
se; even offline, faking is part of 
life. What counts as “genuine” –
our “true” selves, say – is already 
slippery. “What we consider 
natural is often the outcome of 
a merely less visible human 
manipulation,” writes Floridi.  

Online interaction just gives 
us more opportunity to pull the 
strings of a virtual puppet. But it 
is a complex arrangement. Who 
people think you are feeds back 
into who you think you are, which 
feeds into who we actually are. 

For Floridi, we’re living through 
a fourth revolution. Copernicus 
cast us out from the centre of the 
universe, Darwin from a unique 
position in biology, and Freud 
from the perceived seat of 
privilege in our own self-
deceiving minds. Now, we are 
being ousted from the centre of 
the “infosphere”, says Floridi,  
as the machines mediating our 
conversations elbow us aside. 

Floridi’s aim is to prepare the 
ground for “serious philosophical 
digging”. In so doing, he weaves 
Proust, Aristotle and Verdi into a 
discussion of Google+, WhatsApp 
and sexting – not always to the 
reader’s enlightenment. He also 
drops neologisms that are likely to 
blunt the philosophical shovels of 
those to come: for example, he 
uses “onlife” (online life) to refer 
to our new existence. 

Fascinating stuff. But, 
ultimately, both books suffer from 
being five years too late and five 
years too early: we already know 
the internet is changing us, but we 
lack the perspective to say what 
shifts are the most important. 
And all the while, the wheels of 
change keep on turning.  ■

CULTURELAB

Rebooting the real
As the internet remakes us all, no one yet knows which changes matter, finds Douglas Heaven

Where’s Bert? The Muppet became 
an accidental ally of bin Laden

“It used to take a 
totalitarian state to create 
an alternative reality, but 
anyone can do it now”
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The Trilobite Book: A visual journey by 
Riccardo Levi-Setti, University of 
Chicago Press, $45

THE past is a foreign country:  
they do things differently there, 
runs the famous opener of L. P. 
Hartley’s novel The Go-Between.  
I don’t know what he knew about 
palaeoecology, but as a description 
of the seas when trilobites were  
in their heyday, his words are 
hard to beat. 

Beginning with a basic flanged, 
flattened, woodlouse-like form, 
trilobites radiated into burrowers, 
scurriers, plodders and swimmers. 
Astonishingly diverse, by virtue  
of numbers, species and impact, 
they were major players for over 
270 million years. 

The Trilobite Book is a tour-de-
force, spanning the Cambrian to 
the Devonian, and roaming from 
Newfoundland to Morocco. It’s 
hard to know whether to be more 
impressed by the diversity of 
trilobite forms, the quality of 
fossil preservation or the skills of 
those who prepared the specimens. 
That task must have taken a deft 
touch and an uncanny ability to 
visualise in 3D when you consider 
the species with spines or 
defensive protrusions. 

The text and photographs,  
all taken by the author, work 
beautifully together to build a 
picture of the intricacy and 
complexity of trilobites. This is best 
shown with the eyes, where even 
the single calcite crystal lenses 
survived intact. This is the real eye 
through which trilobites would 
have seen a world where they did 
indeed do things differently.  ■

Adrian Barnett is a rainforest ecologist 
at Brazil’s National Institute of 
Amazonian Research in Manaus

For more books and arts coverage, visit newscientist.com/culturelab

Day of the trilobites 
They looked like giant woodlice, but they ruled the seas for millions of years, finds Adrian Barnett 
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Calls may be monitored or recorded for staff training purposes
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science & research jobs
Let New Scientist Jobs connect you 
with the top STEM employers

Finding the right employer is essential to your 

career development. Take your pick  

of top employers at New Scientist Jobs and 
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Argonne is a Department of Energy national laboratory with over 1,500 scientists 
and engineers performing world-class research aimed at solving the nation’s energy, 
environmental and security challenges. Argonne’s Postdoctoral Program provides early 
Science, Technology, Engineering and Mathematics (STEM) career professionals with 
the opportunity to conduct meaningful, cutting-edge research in an inspired and resource-
rich environment. There are three types of appointments to which candidates may apply.

Argonne Named Fellowships – These are the lab’s most prestigious fellowships and 
DUH�QDPHG�DIWHU�VFLHQWLÀF�DQG�WHFKQLFDO� OXPLQDULHV��1DPHG�)HOORZV�ZRUN�FORVHO\�ZLWK�
DQ�$UJRQQH�VSRQVRU� WR�SXUVXH� WKHLU� UHVHDUFK� LQWHUHVWV��$�1DPHG�)HOORZ�LV�KLUHG�DV�DQ�
$UJRQQH� 6FKRODU� ZLWK� IXOO� EHQHÀWV�� D� FRPSHWLWLYH� VDODU\� DQG� D� VWLSHQG� IRU� UHVHDUFK�
VXSSRUW��1DPHG�)HOORZV�PD\�UHQHZ�WKHLU�DSSRLQWPHQWV�RQ�DQ�DQQXDO�EDVLV�IRU�XS�WR���
years, with the possibility of retention.

Director’s Fellowships�²�'LUHFWRU·V�)HOORZVKLSV�DUH�JUDQWHG�WR�RXWVWDQGLQJ�VFLHQWLVWV�DQG�
HQJLQHHUV�ZKR�VKRZ�SRWHQWLDO�IRU�EHLQJ�OHDGHUV�LQ�WKHLU�ÀHOGV��'LUHFWRU·V�)HOORZV�PDNH�
VLJQLÀFDQW�FRQWULEXWLRQV�WR�$UJRQQH·V�VWUDWHJLF�PLVVLRQ�WKURXJK�H[LVWLQJ�SURJUDPV�RU�E\�
LQLWLDWLQJ�QHZ�UHVHDUFK�DUHDV��$�'LUHFWRU·V�)HOORZ�LV�KLUHG�DV�DQ�$UJRQQH�6FKRODU�ZLWK�
IXOO�EHQHÀWV�DQG�D�FRPSHWLWLYH�VDODU\��'LUHFWRU·V�)HOORZVKLSV�FDQ�EH�UHQHZHG�DQQXDOO\�
for up to two years.

Divisional Postdoctoral Associates³SHUIRUP�UHVHDUFK�LQ�H[LVWLQJ�VFLHQFH�DQG�WHFKQRORJ\�
programs; present and publish research; contribute to the overall research efforts of the 
/DERUDWRU\�� DGYDQFH� NQRZOHGJH� LQ� EDVLF� DQG� DSSOLHG� UHVHDUFK�� DQG� VWUHQJWKHQ� 8�6��
VFLHQWLÀF� DQG� WHFKQLFDO� FDSDELOLWLHV�� &DQGLGDWHV� DUH� VHOHFWHG� EDVHG� RQ� WKHLU� DFDGHPLF�
EDFNJURXQG�DQG�SRVVLEOH�LQSXW�WR�WKH�ODE·V�UHVHDUFK��,QLWLDO�SRVWGRFWRUDO�DSSRLQWPHQWV�DUH�
IRU�RQH�\HDU�ZLWK�WKH�RSSRUWXQLW\�WR�H[WHQG�XS�WR�WKUHH�\HDUV�
 
)RU� LQIRUPDWLRQ� RQ� DSSOLFDWLRQ� GHDGOLQHV�� FXUUHQW� GLYLVLRQDO� RSHQLQJV�� DSSOLFDWLRQ�
LQVWUXFWLRQV� DQG� IUHTXHQWO\� DVNHG� TXHVWLRQV�� SOHDVH� YLVLW� WKH� $UJRQQH� 3RVWGRFWRUDO�
Programs web site at http://www.dep.anl.gov/postdocs/ or www.anl.gov/careers 

Argonne is an equal opportunity employer and we value diversity in our workforce.
Argonne is a U.S. Department of Energy laboratory
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Novartis is committed to embracing and leveraging diverse backgrounds, cultures, and talents 
to achieve competitive advantage.  Novartis is an equal opportunity employer M/F/D/V. 

A Culture of  Collaboration
At Novartis Institutes for BioMedical Research (NIBR), the global research organization of  
Novartis, our ambition is to transform drug discovery and develop breakthrough medicines 
that change patient treatment. Our culture of  science is open and entrepreneurial; we are 
focused on clearly sharing our views and opinions while listening to the views of  others.  
By hiring the best academic, biotech, and pharmaceutical-trained scientists, we have 
fostered an atmosphere for drug discovery where creativity thrives. Our research is driven 
by rigorous science and unmet medical need, not the market size. We have created a 
dynamic and flexible culture that values each associate’s diverse background, unique style 
and wealth of  experience. 

NIBR has sites in Cambridge, MA (headquarters); Emeryville and La Jolla, CA; East 
Hanover, NJ; Basel, Switzerland; Horsham, United Kingdom; Shanghai, China, Singapore, 
and Siena, Italy. Disease research focus includes autoimmunity/transplantation/
inflammatory disease, oncology, cardiovascular and metabolic diseases, gastrointestinal 
diseases, infectious diseases, musculoskeletal diseases, ophthalmology, neuroscience, 
and respiratory diseases. NIBR is home to the following platform technologies: Analytical 
and Imaging Sciences, Biologics, Global Discovery Chemistry, Developmental & Molecular 
Pathways, Center for Proteomic Chemistry, and Epigenetics. Our Pre-clinical/Clinical 
areas include Translational Medicine with Biomarker Development and Clinical Sciences & 
Innovation, Preclinical Safety, and Drug Metabolism and Pharmacokinetics. 
 
For immediate consideration, please visit the Career section at www.nibr.com/careers.
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Rexahn Pharmaceuticals
Computational Medicinal Chemist Postdoctoral Position

Rexahn Pharmaceuticals is a clinical stage biopharmaceutical company dedicated to 
developing the next generation of targeted therapeutics for the treatment of cancer.

Position Description:
A post-doctoral position is available in the area of computational/medicinal 
chemistry.   The successful candidate should be a highly motivated individual who 
will be responsible for actively participating in ongoing research projects, fostering 
creative ideas, and promoting teamwork in the successful completion of assigned 
tasks.

The chemist’s responsibilities will include but not be limited to the following:

required.

Requirements:

experience in computational chemistry.

multidisciplinary team, and display strong motivation and enthusiasm.

screening fields such as molecular docking, pharmacophore search, drug 

preferred.

Contact Details:

Interested persons should submit curriculum vitae, statement of research interest, 
and three references to hr@rexahn.com.

Computational Medicinal Chemist
Visit our website at www.rexahn.com to learn more about the company.

Divisional Postdoctoral Associates / Postdoctoral Program - Argonne, IL - Argonne National Laboratory 

Director’s Fellowships / Postdoctoral Program - Argonne, IL - Argonne National Laboratory 

Argonne Named Fellowships / Postdoctoral Program - Argonne, IL - Argonne National Laboratory 

NASA Postdoctoral Program (NPP) - Oak Ridge Associated Universities - NASA Postdoctoral Program 

Humboldt Research Fellowship for Postdoctoral Researchers - Alexander von Humboldt Foundation 

A Humboldt Research Fellowship for Experienced Researchers - Alexander von Humboldt Foundation 

Postdoctoral Positions in the Departments of Genetics and Medicine - Perelman School of Medicine at the University of Pennsylvania 

Cancer Prevention Fellowship Program - Bethesda, MD - National Cancer Institute (NCI), National Institutes of Health (NIH) 

Postdoctoral Position, Laboratory of Molecular Gerontology - Baltimore, MD - National Institutes on Aging (NIA), National Institutes of 
Health (NIH) 

Translational & Clinical Research Opportunities in Singapore - Contact Singapore 

Postdoctoral Position, Laboratory of Molecular Gerontology - NIA, NIH, Baltimore, MD

Postdoctoral Fellowships - Canadian Blood Services (CBS) 

Staff Scientists and Engineers, Research Assistants, and Postdoctoral Fellows - The Wyss Institute for Biologically Inspired 
Engineering at Harvard University 

POSTDOCTORAL POSITION – Acute Lung Injury - University of Tennessee Memphis Health Science Center  

Immediate Need: Postdoctoral Positions, Physiology - University of Tennessee Memphis Health Science Center 

Postdoctoral Positions - University of Alabama at Birmingham (UAB), Office of Postdoctoral Education 

AAAS Science & Technology Policy Fellowships - American Association for the Advancement of Science (AAAS)

Opportunities at Lerner Research Institute - Cleveland Clinic Foundation, Lerner Research Institute 

Post Doc Fellowship - Computational Chemistry Job - Celgene 

Postdoctoral Fellow - Geisinger Health System (GHS)

Grant Programs at Burroughs Wellcome Fund 

1401508090

1401508089 

1401508088

1401490259

1401508079  

1401508077  

1401506647

1401506615

1401504672 
  

1401506048

1401504672

1401489992 

1401490263 
 

1401508238   

1401502320  

1401490261 

1401490254  

1401487465  

1401505930

1401502319    

1401490255    

POSTDOCTORAL  OPPORTUNITIES
 Find these and many more postdoctoral opportunities on our New Scientist Jobs online jobs board!

Go to www.NewScientistJobs.com
Enter the Job ID# listed below to read about the position. Find more jobs by entering your criteria into the grey search box.

Department of Health and Human Services

National Institutes of Health

National Institute on Aging

The National Institute on Aging (NIA), a major research component of 
the National Institutes of Health (NIH) and the Department of Health 
and Human Services (DHHS), is recruiting for a postdoctoral position in 
The Section on DNA Helicases, Laboratory of Molecular Gerontology.  
The focus of our group is to investigate the functions of DNA helicases 
defective in premature aging and cancer disorders.  The objective of this 
research is to understand the molecular and cellular roles of human DNA 
helicases in pathways that are important for the maintenance of genome 
stability.  Genetic, biochemical, and cell biological approaches are used to 
characterize the roles of helicases in cellular DNA metabolic pathways and 
the mechanisms of unwinding by human DNA helicases.   

��ÌiÀiÃÌi`� V>�`�`>ÌiÃ� �ÕÃÌ� �>Ûi� >� *�°�°� 	À� �°�°� Ü�Ì�� �iÃÃ� Ì�>�� wÛi�
years of postdoctoral experience and research experience in molecular 
biology, and training in mammalian cell culture techniques.  Salary is 
commensurate with experience and accomplishments.  Submit letter of 
interest, curriculum vitae, and references to:

Robert M. Brosh, Jr., Ph.D., Senior Investigator NIA-NIH, Laboratory of 
Molecular Gerontology, NIH Biomedical Research Center, 251 Bayview 
Blvd, Baltimore, MD 21224 USA.  Phone: 410-558-8578, or E-mail: 
BroshR@mail.nih.gov.  For additional information on this position, visit 
http://www.grc.nia.nih.gov/branches/lmg/rbrosh.htm

HHS and NIH are Equal Opportunity Employers

The NIH is dedicated to building a diverse community in its training and 
employment programs.



Gevo, Inc. is an exciting, team-oriented company that is pioneering 
the advanced green energy industry.  Agri-Energy, LLC is an isobutanol 
production facility in Luverne, Minnesota and is a wholly-owned 
subsidiary of Gevo, Inc.  Current openings in Luverne, MN:
 

Environmental, Health and Safety Manager
BS in engineering/ chemistry  and 3-5 years experience required

 

Analytical Chemist/Lab Technician
BS or Associates degree.  1-3 years relevant Chromatography 

experience required
 

Operations Microbiologist
 

Microbiologist
 

Maintenance Mechanic
 

Maintenance Mechanic Specialist
 

Plant Operator
  

Agri-Energy, LLC offers a competitive compensation package.  For further 
information including experience requirements and application 
instructions, go to
 

http://jobs.newscientist.com/employer/10005823/gevo-inc-/ .
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Based on results of the largest-ever survey of working scientists from over 100 countries.
Learn More About the Association for Women in Science (AWIS) at www.awis.org

“A must-read 
book for anyone 

managing, 
supervising or 

responsible 
for hiring 

STEM talent.”

Order 
your copy 

today. 

AWIS 
members get a 
30% discount.

International Process Plants-IPP is a worldwide buyer and seller of process plants with company owned 

RI¿FHV�LQ�WZHOYH�FRXQWULHV�DQG�LV�WKH�ODUJHVW�FRPSDQ\�RI�LWV�NLQG�LQYROYHG�LQ�WKH�EX\LQJ�DQG�VHOOLQJ�RI�QHZ��

XVHG�DQG�UHEXLOW�SURFHVV�SODQWV�DQG�HTXLSPHQW���,Q�RUGHU�WR�RIIHU�RXU�FXVWRPHUV�WKH�SURFHVVHV�WKH\�QHHG��ZH�

FRQWLQXDOO\�KDYH�RYHU�����FRPSOHWH�SURFHVV�SODQWV�DQG�RYHU��������SLHFHV�RI�SURFHVV�HTXLSPHQW�DYDLODEOH�

LQ�RXU�LQYHQWRU\���2XU�YDVW�FXVWRPHU�EDVH�LQFOXGHV�FRQWDFWV�DQG�FRPSDQLHV�LQ�WKH�FKHPLFDO��SHWURFKHPLFDO��

DJULFKHPLFDO�IHUWLOL]HU��SKDUPDFHXWLFDO�SKDUPDFHXWLFDO�LQWHUPHGLDWHV�DQG�IRRG�SURFHVVLQJ�LQGXVWULHV��DV�ZHOO�

DV�RWKHU�SURFHVV�LQGXVWULHV���7R�OHDUQ�PRUH�DERXW�,33��YLVLW�RXU�ZHEVLWH�DW���www.ippe.com.
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MS in Bioinformatics 

at Boston University
2QH�RI�WKH�¿UVW�SURJUDPV�RI�LWV�NLQG��WKH�%LRLQIRUPDWLFV�*UDGXDWH�3URJUDP�RIIHUV�XQLTXH�

LQWHUGLVFLSOLQDU\�WUDLQLQJ�LQ�WKH�VFLHQFH��HQJLQHHULQJ��PHGLFLQH�DQG�HWKLFV�RI�WZHQW\�¿UVW�FHQWXU\�

FHOO�ELRORJ\�

Now offering an MS degree in Bioinformatics, or an MS in Bioinformatics 

with a focus on Translational Medicine 

7KH�0DVWHU¶V�GHJUHH�UHTXLUHV�D�WRWDO�RI����FUHGLWV���<RX�FDQ�FRPSOHWH�WKH�SURJUDP�LQ�DV�OLWWOH�

DV����PRQWKV��RU�HQUROO�SDUW�WLPH�IRU�D�VFKHGXOH�WKDW�¿WV�\RXU�OLIHVW\OH

0HULW�6FKRODUVKLSV�DUH�DYDLODEOH�WR�PDVWHU¶V�VWXGHQWV��SURYLGLQJ�WXLWLRQ�DVVLVWDQFH�WR�IXOO�WLPH�

VWXGHQWV�RQ�D�FRPSHWLWLYH�EDVLV

'HDGOLQHV�IRU�DSSOLFDWLRQV��July 15�IRU�)DOO���December 15�IRU�6SULQJ

http://www.bu.edu/bioinformatics/admissions/

A brilliant career, perfectly suited 

to my qualifications.

“I’m Tanya Harris, Global Supply Director at AstraZeneca. I joined as a 

Director of Manufacturing and I’ve been progressing with the company for 

ten years now. For me, there couldn’t be a better place to work. With a 

Bachelor’s Degree in Mechanical Engineering and a Master’s Degree in 

Business, I’ve enjoyed so many opportunities to expand my talents and 

grow a wonderful career, here and abroad. 

This is an environment which really nurtures ambition and innovation, 

supporting both my professional potential and home life. AstraZeneca 

develops people like me through experience, education and leadership. It’s 

all about continually moving towards better answers and greater successes. 

Working here has been one of the highlights of my life – and there’s much 

more to come.”

Visit astrazenecacareers.com and discover more about operations and 

manufacturing in the career areas.

“This is an environment 

which really nurtures 

ambition and innovation.”

An Equal Opportunity Employer. All qualified applicants will receive consideration for employment without regard to race, color, 

religion, sex, national origin, or protected veteran status and will not be discriminated against on the basis of disability.
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AAUW Tech Trek is a science and technology camp 
serving girls in middle school. Make one happen. 
Visit www.aauw.org/STEM. by AAUW

DOESN’T 
STAY AT 
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WHAT 
HAPPENS 
AT TECH 
TREK



56 | NewScientist | 7 June 2014

PRESSURE cookers: should they be 
allowed? Feedback mentioned the 
occasion when “an ill-advised release 
of steam left rice embedded in the 
kitchen ceiling” (24 May). Just as 
we were sending that issue to the 
printers, Bruce Hansche got in touch 
from his home in New Mexico, topping 
our experience quite thoroughly.

“We have cooked many things in 
our pressure cooker over the years,” 
he writes, “but the silliest, and most 
nearly disastrous, came during our 
artsy-creative years. My wife Chris 
made handmade paper from various 
fibres, and she thought perhaps 
horse manure would work well.”

Readers may be ahead of us, 
but the account is well worth 
finishing: “She tried to soften it a 
bit by cooking in the pressure cooker, 
but the fibres were just the right size 
to clog the steam vent. Finally, the 
overpressure plug blew, coating the 

entire kitchen ceiling with boiled 
horse dung.” To make matters worse, 
“the sink in that kitchen was 90 
degrees to the right of the stove top. 
Chris, being left-handed, spun 270 
degrees to the left to get the pot to 
the sink, which at least provided a 
fairly even coating.”

AT LEAST five readers have taken 
the trouble to inform Feedback of 
the etymology of “petard” in the 
old sense of a small explosive set 
under defences – as mentioned  
by Hamlet, Prince of Denmark  
(17 May) – or used to blow open 
castle doors. It is “little fart”. We 
hope no sensibilities were harmed 
in the making of this paragraph.

That making did, however, 
involve consulting an editorial 
document on ways of referring 
to excrement that are neither too 
rude nor too twee. It contains a 

“faecetious” list of suggestions. 
(For US readers, a “fecetious” list.) 

EXPANDING on the etymology of 
petards, Andy Johnson-Laird reminds 
us of the great “flatulist” Joseph Pujol 
(1857 – 1945), who appeared on the 
French stage as le Pétomane. His 
shtick was “being able to fart at will 
(or in the general direction of Will)”, 
or at least to appear to do so.

Further, Paddy Shannon observes 
that “When I was a student living in 
France, pétard was also the word for a 
cannabis joint, suggesting a different 
kind of lifting operation.”

SOME readers of this column 
aren’t the only members of the 
scientific community with a 
fixation on matters cloacal. 
Feedback receives a steady stream 
of notices from the American 
Society for Microbiology (ASM) 
highlighting recent publications. 
On 20 May the day’s notice was 
headed “Bacteria and Fungi from 
1500-Year-Old Feces Support 
Archeological Theories of 
Caribbean Cultures”.

Using the methodology 
known as discourse analysis, this 
confirmed a pattern of keenness 
by the ASM on excretion-related 
research. We are now moving to 
statistics, giving notices marks out 
of seven for scatological content. 
We hope to report results soon.

TOILET paper, for some reason, has 
also attracted copious responses 
following our sceptical inquiry into 
figures for annual consumption 
(3 May). John Davies was one to note 
his father saying that “in the British 
army he was issued only three sheets 
at a time – ‘one to wipe, one to dry, 
one to polish’.” Indeed we find Lee 
B. Kennett writing in the book  G. I.:  
The American Soldier in World War II: 
“The British Army stocked toilet paper  
on the assumption that the soldier 
would use three sheets per day; the 
American ration was twenty-two and 
a half sheets.”

CORRESPONDENTS, Juliet Gayton 
suggests, “are taking too literal a 
view of the use of toilet paper”. Her 

list of uses includes: “3 sheets to 
grab and eject spider; 2 sheets to 
mop aphids from house plant; 
2 sheets to remove hair from 
plughole; 2 sheets to blow nose; 
5 sheets to mop up spilt early 
morning tea; 2 sheets to blot 
lipstick; 4 sheets into pocket in 
case public loos during the day 
found to be without – and all this 
before 8:30am.” We redacted six 
sheets from Juliet’s list to avoid 
making those who read this over 
breakfast drop the marmalade.

FINALLY, more mapping mysteries. 
The Ig Nobel prizes for “achievements 
that first make people laugh, and then 
make them think” are getting their 
own database, complete with a map 
infographic showing which countries 
have produced Ig Nobel laureates: see 
bit.ly/IgNobelMap. Feedback has 
discovered that, according to the 
markers on this map, the Vatican is 

now in Nigeria. What’s more, the Swiss 
seem to have annexed Denmark and 
Italy, while Germany’s taken Sweden.

We note that the Vatican earned 
its Ig Nobel for outsourcing prayer 
to India, so was already mobile in 
Ig Nobel world. We now wonder 
whether the many locations in which 
the map places Swiss winners relate 
to tax evasion, a practice which will 
cost Credit Suisse, to name but one 
bank, $2.5 billion in fines from the US. 

For more feedback, visit newscientist.com/feedbackFEEDBACK

You can send stories to Feedback by 
email at feedback@newscientist.com. 
Please include your home address.  
This week’s and past Feedbacks can  
be seen on our website.

Ian Turnbull points to Mitsubishi Heavy  
Industries offering electric buses that provide  
“a quiet and comfortable ride to passengers  
with zero gas emissions” and wonders whether 
they allow old farts on the bus
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Seeing red
It seems that the paint on red cars 
fades more quickly than any other car 
colour. Is there a reason why?

■  Cars painted red appear to  
fade faster because red paint is 
inherently more vulnerable than 
other colours are to the ultraviolet 
radiation in sunlight, which can 
accelerate the decomposition of 
its chemical structure. The paints 
used on modern cars are mostly 
thermoplastic polymers, 
composed of large and complex 
molecules, very much like those 
that comprise living tissue. They 
are susceptible to degradation 
when exposed to ultraviolet.  
So long-term and continual 
exposure to direct sunlight will 
break down the paint molecules 
and the colour will gradually fade. 

To protect against fading, paint 
manufacturers usually add an 
ultraviolet stabiliser, but this will 
only slow down the degradation, 
not prevent it altogether. As red 
tints naturally reflect light at the 
red end of the visual spectrum, 
they consequently absorb more 
radiation at the opposite blue end, 
right into the ultraviolet 
frequencies. As a consequence, 
their molecules are exposed to a 
proportionately greater dose  
of ultraviolet and degrade  
faster than green, grey and  
blue colours. 

Red also tends to contrast most 
strongly with the background 
environment, which usually 
comprises a medley of greens, 
greys and dull browns, beneath an 

(occasionally) blue sky, all lit by 
the light of a yellow sun. Therefore, 
any effect which lessens the 
contrast between the paint and 
the background colours will be all 
the more noticeable, and the 
brighter the red, the more obvious 
the fading.
Hadrian Jeffs
Norwich, Norfolk, UK 

■  You often see this effect on old 
printed posters in downmarket 
shop windows, where the signs 
are seldom replaced. The original 
colours are lost, with red being the 

first to go, followed by the other 
colours, until eventually, the sign 
becomes just a faded blue. 

Red light has a longer 
wavelength and thus less energetic 
photons than does blue light. The 
blue pigment reflects the blue and 
absorbs the lower energy red light. 
The red pigment reflects the red 
and absorbs the higher energy blue, 
and this added energy breaks 
down the red pigments faster. 
R. J. Best
Fremont, California, US

This week’s 
questions

HUNGRY FOR VICTORY
I notice that if I play table tennis 
before breakfast, when I am 

hungry, I am much sharper, with 
quicker reactions, more accurate 
shots and able to reach balls 
further away than at other times. 
Can any sports scientist confirm 
my observation and explain it (or 
at least explain why I perceive this 
to be so)?  
Rupert Morris
London, UK
 
LIGHT FANTASTIC 
I have a luminous watch that I 
wear at night. Even though I put it 
on a south-facing window ledge to 
refresh it during the day, the dial 
has always been very faint. One 
night, finding it impossible to 
read the time, I flashed an LED 
bicycle light at it for a second. The 
watch immediately became very 
bright. How can one second of 
torchlight have more effect than a 
whole day of sunlight?
P. J. Stewart
Oxford, UK

MADE TO LAST
I have a garden table and four 
chairs that I bought about 15 years 
ago. I leave them outside, 
uncovered all year round in sun, 
rain and snow, yet they still look 
as good now as they did the day I 
bought them. I want to know what 
they are made of and what kind of 
paint is on them. 

They are metal and relatively 
lightweight. On a couple of spots 
where the metal has been exposed 
through the paint, it is a shiny 
silver colour which never rusts. 
The paint itself is light blue and it 
never flakes. The only way to 
damage the paint is to really hit it 

hard, and then a bit of the metal 
may be exposed. 

The set really is remarkable, and 
I wish I could remember where I 
purchased it.
Diana Smith
Oxford, UK

PUT A LID ON IT
I know high pressure allows us to 
boil vegetables more quickly, and 
this is obvious when a pan lid is 
fitted tightly. But I can’t figure out 
why the pressure is still increased 
when the lid only partially covers 
the pan, leaving a 1 or 2-centimetre 
gap. It seems to me that air and 
steam can pass easily through this 
space and circulate freely, yet even 
a partially covered pan of liquid 
seems to boil more quickly. Why?
Peter O’Regan
Dublin, Ireland

MAKE YOURS COUNT
Mathematically speaking, which 
kind of voting system produces 
the most democratic and fair 
result in a general election? There 
are several to choose from: first 
past the post, alternative vote, 
single transferable vote and many 
others, but surely mathematics 
can decree which is the fairest 
system? 
Ian Chalmers
Melbourne, Australia

SALT SELLER
I like eating salt straight from the 
salt cellar, but my mum says it’s 
bad for me. But if it’s bad for me, 
why do I like it?
Julianne Knight
Edinburgh, UK

The writers of answers published in the 
magazine will receive a cheque for £25  
(or US$ equivalent). Answers should be 
concise. We reserve the right to edit items 
for clarity and style. Include a daytime 
telephone number and email address if you 
have one. We are pleased to acknowledge 
financial support from Statoil in producing 
The Last Word. New Scientist retains  
total editorial control over the content.

Reed Business Information Ltd 
reserves all rights to reuse question  

and answer material that has been  
submitted by readers in any medium  
or in any format.

Send questions and answers to  
The Last Word, New Scientist, Lacon House, 
84 Theobald’s Road, London WC1X 8NS, 
UK, by email to lastword@newscientist.
com or visit www.newscientist.com/topic/
lastword (please include a postal address 
in order to receive payment for answers). 
Unanswered questions can also be found 
at this URL. 

Coming next week...  
Your chance to win £100 by answering our next 
monthly question about energy issues 
To find out more and to read previous Last Word answers on 
energy, please visit www.newscientist.com/topic/energy

THE LAST WORD ON ENERGY

sponsored by

“On old posters the red 
colour is always lost first, 
and eventually it becomes 
just a faded blue”



VISIT
AUSTRALIA.COM/BUSINESSEVENTS/ASSOCIATIONS
FOR EVERYTHING YOU NEED TO PLAN YOUR AUSTRALIAN EVENT. 

THERE’S NOTHING LIKE AUSTRALIA FOR YOUR NEXT BUSINESS EVENT.

This year we chose Australia for our global congress. It was an easy choice, as Australia’s proximity to Asia gave us the 
opportunity to attract many new delegates. The program was one of the best in years. New Australian developments in  
our field attracted a lot of interest and strong international research partnerships were established.

Australia is on everyone’s list to visit, and it lured our highest number of delegates yet. There’s no doubt they’ll be talking 
about this convention for years to come.

Dr Louise Wong, 
International Board Member

Big landscapes 
Inspire big thinking


