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Halfway into our ambitious trek through the rain forest I
had to remind myself that “Nothing good comes easy.”

These days it seems that every business trip to Brazil includes
a sweltering hike through overgrown jungles, around cascading
waterfalls and down steep rock cliffs. But our gem broker 
insisted it was worth the trouble. To tell you the truth, for the
dazzling emeralds he delivered, I’d gladly go back to stomping
through jaguar country.

Now our good fortune is your great reward. Don’t miss this rare
opportunity to own an impressive 50 total carat strand of genuine
South American emeralds for under $100.  

Faced with this embarrassment of riches, our designer transformed this
spectacular cache of large stones (each is over 8 carats average weight)
into a stunning 50 total carat necklace of faceted emeralds set into .925
sterling silver. Each emerald is surrounded by delicate sterling silver 
rope work and filigree in the Bali-style. The 18" necklace dangles from a 
sterling silver chain that fastens with a secure double-sided shepherd’s hook clasp.

What is the source of our emerald’s timeless appeal? The enchanting color of 
the Stauer Carnaval Faceted Emerald Necklace comes from nature’s chemistry. Our 
polished and faceted, well-formed natural emeralds are immediately recognized as some-
thing special. Indeed, when we evaluated these emeralds, color was the most important
quality factor. Today, scientists tell us that the human eye is more sensitive to the color
green than to any other. Perhaps that is why green is so soothing to the eye, and why the
color green complements every other color in your wardrobe.

Emeralds are, by weight, the most valuable gemstone in the world. Now you can wear
genuine emeralds and feel great about knowing that you were able to treat yourself to 
precious gems without paying a precious price. A top-quality 50 carat emerald necklace 
found on Rodeo Drive or 5th Avenue could cost well over $100,000…but not from Stauer.
Wear and admire the exquisite Stauer Carnaval Faceted Emerald Necklace for 60 days. 
If for any reason you are not dancing the Samba with pure satisfaction after receiving your
faceted emerald necklace, simply return it to us for a full refund of the purchase price.
But we’re confident that when you examine this stunning jewelry, you’ll be reminded
of the raw beauty of the Amazon rain forests mixed with the flash and dazzle of the
exotic Carnaval in Rio de Janeiro. Call today! This cache of genuine emeralds is 
extremely limited.

Brandish a whopping 50 carats of genuine
South American emeralds in a handcrafted
new necklace design for less than $100!

50 ctw of genuine emerald (6 stones)  • Oxidized sterling silver settings and chain  • 18" length (+2" extender) with double-sided shepherd’s hook clasp

Brazil Expedition Uncovers Thousands
of Carats of Exquisite Natural Emeralds

Carnaval Faceted Emerald Necklace (50 ctw) $299†

Offer Code Price— $95 + S&P Save $204

1-888-306-7179
Your Insider Offer Code FEN416-10 
You must use this insider offer code to get our special price.

50 ctw of 
genuine emeralds. 
Enlarged to show
exquisite details.

† Special price only for customers using the offer code versus the price on Stauer.com without your offer code.

TAKE 68% OFF
INSTANTLY 

when you use your 
Insider Offer 

Code

14101 Southcross Drive W.,
Dept. FEN416-10, 

Burnsville, Minnesota 55337
www.stauer.com

Stauer®

Rating of A+

Smar t  Luxur i e s—Surpr i s ing  Pr i c e s ™

“You will rarely find 
an emerald necklace with 

50 carats and certainly not 
at this price!”

— JAMES T. FENT, Stauer 

GIA Graduate Gemologist
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I blame my love for science fiction 
mostly on my mother, although my 
older brother Nathaniel probably 
should also take some of the heat. Both 
were voracious readers, leaving piles of 
books around the house, most of them 
sci-fi, that I couldn’t avoid escaping into. 

Fans of science fiction will find a 
few items in this issue sure to trip the 

imagination. First, on Page 14, Tina Hesman Saey describes 
a discovery akin to something out of Alien: roving cancer 
cells that move from victim to victim, sneaking into others’ 
bodies to produce more of themselves. Saey, a lover of sci-
ence fiction herself, calls it “cancer as parasite” or — as one 
researcher put it — extreme out-of-body metastasis. 

Of course, this contagious cancer attacks clams, not peo-
ple. But biologically, it’s pretty far-out. The leukemia-like 
disease is not, as was initially thought, caused by a virus. 
Jumping genes — bits of DNA that move around a chromo-
some, embedding themselves in places that can trigger 
cancers — may play some role. These genes revealed that 

EDITOR’S NOTE

Cancerous clams and other sci-fi fodder
clams from Maine to Maryland have the exact same malig-
nancy — and that the cancer cells are genetically distinct 
from the clams’ own cells. 

It’s the third example of contagious cancer in the animal 
world, but it’s the only one with no apparent direct contact 
between the carriers. What if there are other, similar types of 
cancers that we don’t know about? “That’s scarier to me than 
any virus,” says Saey. And good fodder for a thriller.

Also seemingly out of the pages of a novel: new drugs of 
abuse, designed by chemists to mimic illicit drugs but to 
evade legal restrictions, with some scary effects, as science 
writing intern Kate Baggaley describes on Page 22. Or, see 
Christopher Crockett’s report on Page 18 about the effort 
to trace the origin of Earth’s water, which apparently was 
imported from some extraterrestrial source.

For a taste of actual sci-fi, see my brief review of the movie 
Ex Machina (Page 26). It’s no Star Wars, but it does what 
some of the best science fiction does: uses futuristic technol-
ogy to explore bigger, broader issues involving humans and 
society. It also offers a bit of an escape. 
— Eva Emerson, Editor in Chief

Society for Science & the Public is a 501(c)(3) nonprofit membership organization founded in 1921. The Society seeks to promote the understanding and appreciation of science and  
the vital role it plays in human advancement: to inform, educate, inspire. Learn more at societyforscience.org. Copyright © 2015 by Society for Science & the Public. Title registered as 
trademark U.S. and Canadian Patent Offices. Republication of any portion of Science News without written permission of the publisher is prohibited. For permission to photocopy articles, 
contact eswoopes@societyforscience.org. Sponsor content and advertising appearing in this publication do not constitute endorsement of its content by Science News or the Society.
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“Cell phones have gotten so small, I  
can barely dial mine.”  Not Jitterbug®, 
it features a larger keypad for easier 
dialing. It even has an oversized display 
so you can actually see it.
 
“I had to get my son to program it.”  
Your Jitterbug set-up process is simple. 
We’ll even pre-program it with your 
favorite numbers.
 
“I tried my sister’s cell phone…  
I couldn’t hear it.”  Jitterbug is 
designed with an improved speaker. 
There’s an adjustable volume control, 
and Jitterbug is hearing-aid compatible.
 
“I don’t need stock quotes, Internet 
sites or games on my phone, I just want 
to talk with my family and friends.”  
Life is complicated enough… Jitterbug  
is simple.
 
“What if I don’t remember a number?”  
Friendly, helpful Jitterbug operators are 
available 24 hours a day and will even  
greet you by name when you call.
 
“I’d like a cell phone to use in an 
emergency, but I don’t want a high monthly 
bill.”  Jitterbug has a plan to fit your needs… 
and your budget.
 
 

“My cell phone company wants to lock me in  
on a two-year contract!”  Not Jitterbug, there’s  
no contract to sign and no penalty if you discontinue  
your service. 
 

“I’ll be paying for minutes I’ll 
never use!”  Not with Jitterbug, 
unused minutes carry over to 
the next month, there’s no 
roaming fee and no additional 
charge for long distance.
 
“My phone’s battery only 
lasts a couple of days.”  The 
Jitterbug’s battery lasts for up 
to 25 days on standby.
 
Enough talk. Isn’t it time 
you found out more about the 
cell phone that’s changing all 
the rules? Call now, Jitterbug 
product experts are standing by.

IMPORTANT CONSUMER INFORMATION: Jitterbug is owned by GreatCall, Inc. Your invoices will come from GreatCall. All rate plans and services require the purchase of a Jitterbug phone and a one-time set up 
fee of $35. Coverage and service is not available everywhere. Other charges and restrictions may apply. Screen images simulated. There are no additional fees to call Jitterbug’s 24-hour U.S. Based Customer Service.  
However, for calls to an Operator in which a service is completed, minutes will be deducted from your monthly balance equal to the length of the call and any call connected by the Operator, plus an  
additional 5 minutes. Monthly minutes carry over and are available for 60 days. If you exceed the minute balance on your account, you will be billed at 35¢ for each minute used over the balance. Monthly rate plans 
do not include government taxes or assessment surcharges. Prices and fees subject to change. We will refund the full price of the GreatCall phone and the activation fee (or set-up fee) if it is returned within 30 days 
of purchase in like-new condition. We will also refund your first monthly service charge if you have less than 30 minutes of usage. If you have more than 30 minutes of usage, a per minute charge of 35 cents will be  
deducted from your refund for each minute over 30 minutes. You will be charged a $10 restocking fee. The shipping charges are not refundable. Jitterbug and GreatCall are registered trademarks of GreatCall, Inc.   
Samsung is a registered trademark of Samsung Electronics Co., Ltd.  ©2015 Samsung Telecommunications America, LLC.  ©2015 GreatCall, Inc.  ©2015 firstSTREET for Boomers and Beyond, Inc.

®

Available in  
Blue and Red.

Monthly Minutes

Monthly Rate

Operator Assistance

911 Access

Long Distance Calls

Voice Dial

Nationwide Coverage

Friendly Return Policy1

Basic 14

50

$14.99

24/7

FREE

No add’l charge

FREE 

YES

30 days

Basic 19

       was 100   NOW 200

$19.99

24/7

FREE

No add’l charge

FREE

YES

30 days

More minute plans available. Ask your Jitterbug expert for details.

We proudly accept the following credit cards.

NEW Jitterbug5 Cell Phone
Call toll free today to get your own Jitterbug5.   
 Please mention promotional code 100112.

 1-888-840-5299  
www.jitterbugdirect.com

Order now and receive a 

FREE Car Charger for your Jitterbug –  

a $24.99 value. Call now!

47
62

5

“My friends all hate their  
cell phones… I love mine!” 

Here’s why.
Say good-bye to everything you hate about cell phones.  Say hello to Jitterbug.

NEW
Better  

Sound and 

Longer Battery Life
FREE Car Charger

No
Contract

A D V E R T I S E M E N T
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NOTEBOOK

50 YEARS AGO

U.S. ready  
for fruit fly

The secret behind the world’s largest 
seed and its sexually extravagant plant  
is good gutters.

A prodigy among those seeds can 
weigh as much as 18 kilograms, about 

UPDATE:  Sterilization was 

used for decades to combat 

the screwworm before Mexico 

and Guatemala staged their 

first Mediterranean fruit fly 

(Ceratitis capitata) steriliza-

tion trial, in 1978. Along with 

pesticides, the sterile insect 

technique is now used in the 

United States and elsewhere 

around the world to eradicate 

or control the medfly and 

other insect pests. Scientists 

are developing new ways to 

sterilize insects. Variations of 

the technique are being used 

to control disease-carrying 

mosquitoes. 

Excerpt from the  
May 8, 1965, issue of 
Science News Letter

The iconic shape 
of a coco-de-mer 
nut that intrigues 
a traveler (shown) 
won’t show up on 
a tree. It’s evident 
only once the 
outer green husk 
is stripped off.

IT’S ALIVE

How slow plants make ridiculous seeds

A reception committee is 
always ready to greet the 
dreaded Mediterranean fruit 
fly if it should stray across 
the U.S. border from Central 
America. The fly, probably 
the world’s most destruc-
tive fruit pest, does not now 
infest the United States.… A 
program of sterilization [of 
another species of fruit fly] is 
now underway.… Billions of 
insects are reared, sterilized 
and released. Sterile males 
then compete with wild ones 
in the breeding grounds, and 
since their matings produce 
no offspring, the species 
dies out.

the weight of a 4-year-old boy. Yet the 
plant that outdoes the rest of the botani-
cal world in the heft of its seed manages 
with below-poverty nutrition. Coco-
de-mer palms (Lodoicea maldivica) are 

A swarm of atoms in a Stanford lab 
has become the coldest stuff on Earth. 
At about 50 trillionths of a kelvin, the 
atoms’ temperature is about a tenth of 
the previous record. “This stuff is legiti-
mately cold,” says quantum physicist 
Mark Kasevich, who led the work. “It’s 
the coldest stuff ever observed.”

The temperature of a sample depends 
on how fast its constituent components 
move relative to each other. Kasevich 
and his team started with a cold gas 
made up of about 100,000 tightly packed 
rubidium atoms. Within a few seconds, 
the atoms spread apart, because some 
were moving faster than others. But then 
Kasevich’s team zapped the sample with 
a laser that countered the motion. The 

0.00000000005
degrees Celsius above absolute zero

Temperature of the coldest stuff on Earth

farther an atom had roamed (and thus 
the faster it was moving), the more of a 
decelerating nudge it received. All of the 
atoms slowed to a crawl, the researchers  
report in the April 10 Physical Review 
Letters, corresponding to the new 
record-low temperature.

Ultracold atoms should lead to 
increasingly sensitive interferometers, 
devices that can measure gravity and test 
the limits of quantum theory. Ideally,  
atoms within interferometers would 
be so cold and so slow that they would 
stray only a few centimeters over the 
course of a minute or two. Kasevich 
hopes to improve the method and cool 
atomic gases to quadrillionths of a  
kelvin. — Andrew Grant

THE -EST

The coldest substance

notebook.indd   4 4/28/15   5:32 PM
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An adult coco-de-mer’s leaves collect water 
from a 17.1-square-meter area on average. 

native to two islands in the Seychelles 
that have starved, rocky soil. 

Despite the scarcity of resources, 
a palm forest is “magnifi cent — it’s 
like a dinosaur could come around 
the corner,” says Christopher Kaiser-
Bunbury of the Seychelles Islands 
Foundation. Wind jostling acres of stiff 
leaves makes a sound he describes as 
“crackling.”

But it’s scrimp-and-save greenery. 
With precious little nitrogen and phos-
phorus (the N and P in N-P-K garden 
fertilizers), these palms sprout fronds 
using only about one-third of the 
nutrients in the leaves of 56 neighbor 
tree and shrub species. And the trees 
scavenge fi ercely from their own dying 
leaves, Kaiser-Bunbury and his col-
leagues report in the May New Phytolo-
gist. Coco-de-mer palms can reuse 90 
percent of that prized phosphorus from 
fronds about to drop, leaving the most 
depleted dead leaves yet recorded. 

Sexual structures, however, are 

Curving leaves, easily 2 meters wide 
with creases like folded paper fans, 
coil almost like funnels to send rain 
sluicing down the stems. The water 
deposits its treasures of animal drop-
pings, stray pollen and other nutrient 
windfalls over the roots.

A plant’s giant seed takes time to 
grow — six years — especially on a tight 
nutrient budget. A wild coco-de-mer 
lives slowly, reaching 80 or 100 years 
of age before plant puberty. During a 
female plant’s life of several hundred 
years, she may bear only about 100 seeds.

Unfortunately, the coconuts pro-
duced with such sustained effort rarely 
get a chance to replenish the dwindling 
forest. To sustain the forest, Kaiser-
Bunbury calculates, 20 to 30 percent 
of the endangered species’ seeds need 
to sprout. But perhaps inevitably, 
considering all the showy reproduc-
tion, poachers sell powders made 
from the coconut’s insides as alleged 
aphro disiacs. — Susan Milius

SAY WHAT?

Geographic tongue
\JHEE-uh-gra-fi k TUHNG\ n. 
A condition in which splotches give the 
tongue a maplike appearance. The condition 
involves losing some of the tiny bumps called 
papillae on the tongue, creating islands of 
red, infl amed splotches. It affects 2 percent 
of people and is harmless. Scientists suggest 
in the March New Journal of Physics that 
geographic tongue can develop in two ways: 
circular and spiral. Circular spots can get 
bigger until they cover the whole tongue. 
Eventually, the tongue recovers as the papil-
lae grow back. In other cases, spiral patterns 
develop in recovering regions, prolonging 
bouts of patchiness. — Helen Thompson

luxuriant, taking about 85 percent of 
the plants’ supplies of phosphorus. 
And the palms manage this, the re-
searchers conclude, thanks to drainage. 

MYSTERY SOLVED

Source of puzzling cosmic signals 
found — in the kitchen
Mysterious radio signals detected by the Parkes telescope appear to 
come from an advanced civilization in the Milky Way. Unfortunately, 
it’s the one civilization we already know about.

Microwave ovens opened before they’re done cooking have been mud-
dling the hunt for far more distant radio signals, researchers report online 
April 9 at arXiv.org. Astronomers have had to contend with enigmatic fl ares 
dubbed “perytons” ever since discovering equally puzzling fast radio bursts, 
or FRBs (SN: 8/9/14, p. 22), in 2007. Perytons and FRBs are similar except 
that FRBs come from other galaxies and perytons originate on Earth. Sci-
entists thought perytons might be from a meteorological phenomenon.

Three perytons in January coincided with independently detected blasts 
of 2.4 gigahertz radio waves — the frequency that microwave ovens use 
to heat food. So researchers at the Parkes telescope (shown) in Australia 
heated mugs of water while moving the massive radio dish, trying to re-
create the phenomenon. When researchers opened the oven door mid-
cooking instead of letting the timer run out, perytons appeared in the data.

The source of the galactic FRBs 
remains a mystery. Astronomers suspect 
they are linked with imploding neutron 
stars or eruptions on magnetars. At this 
point, however, scientists might want to 
consider extraterrestrials nuking frozen 
pizzas. — Christopher Crockett

SAY WHAT?

Geographic tongue
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Debate continues 
over 103’s place 
in periodic table
New data on lawrencium 
rekindle an old argument

BY BETH MOLE

In their momentary life spans, atoms of 
lawrencium, element 103, may have left 
a lasting impression on the structure of 
the periodic table.

For the first time, researchers have 
measured a basic property of the fl eeting 
radioactive element, namely its ioniza-
tion potential, the researchers report in 
the April 9 Nature. The ionization poten-
tial — how much energy it takes to strip 
an atom of its most weakly bound elec-
tron — hints at how that atom’s electrons 
are arranged. Such information may 
help resolve a long-standing question 
about where lawrencium belongs in the 
periodic table.

The question will probably be taken 
up in the next year or two by the Inter-
national Union of Pure and Applied 
Chemistry, says Jan Reedijk, president 
of IUPAC’s inorganic chemistry division 

and a molecular inorganic chemist at 
Leiden University in the Netherlands. 
IUPAC governs chemical nomencla-
ture. In this case, the union would decide 
whether lawrencium (along with its rela-
tive, lutetium) belongs at the bottom of 
the periodic table’s third column or at 
the end of a separate row of elements in 
an annex below the main table.

Study coauthor Yuichiro Nagame, a 
chemist at the Japan Atomic Energy 
Agency in Tokai, didn’t expect the exper-
iment to spark debate about the periodic 
table. “I’m very happy to learn of these 
discussions,” he says.

Nagame and colleagues set out six years 
ago to study lawrencium’s electron struc-
ture, a steep technical challenge because 
typical methods require about a trillion 
atoms. Lawrencium, named after Ernest 
Lawrence, the inventor of the cyclotron, 
is transient and extremely difficult to 
make. Nagame and colleagues managed 
to take the measurement by generating 
about a thousand atoms in total.

By fi ring a stream of boron ions (ele-
ment 5) into californium atoms (element 
98), Nagame and colleagues created an 
isotope of lawrencium. The collisions 
created a new lawrencium atom every 
few seconds. The atoms collectively had 
a 27-second half-life. With a method that 
sweeps lawrencium up into a helium-
based atmosphere, the scientists quickly 
shot the ephemeral atoms into a metal 
tube heated to either 2,700 or 2,800 
kelvins (2,427° Celsius or 2,527° C).

Contact with the hot tube sometimes 
plucked electrons from lawrencium 
atoms, creating ions. By sending other 
elements through the tube before-
hand — elements with known ioniza-
tion potentials — Nagame and colleagues 
came up with an equation to calculate 
ionization potential based on how many 
ions formed in the tube.

After counting how many lawrencium 
ions tumbled out, the researchers calcu-
lated that lawrencium has an ionization 
potential of about 4.96 electron volts, 
which is low. In fact, it’s the lowest of 
all the elements in the appended group 
of elements at the bottom of the table, 
where some chemists say lawrencium 
belongs. The low ionization potential 
suggests that lawrencium has a peculiar 
arrangement of electrons.

Heavy elements like lawrencium have 
more nuclear charge, which causes elec-
trons near the nucleus to move fast. 
As Einstein’s theory of relativity pre-
dicts, speedy electrons gain mass, caus-
ing inner groups of electrons to form 
dense clouds around the nucleus. This 
shields the nuclear charge, leaving elec-
trons on the outskirts of the atom’s 
structure to loosen and rearrange.

Electrons arrange themselves in 
cloudlike regions around the nucleus 
called orbitals. These orbitals are desig-
nated by numbers for their energy level 
and letters (s, p, d, f ) for their shape. 
For example, s orbitals form spherical 
clouds around a nucleus. Based solely on 

Periodic table of the elements

Ds Rg

Cs

H

Li Be

Na Mg

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn

He

B C N O F Ne

Al Si P S Cl Ar

Ga Ge As Se Br Kr

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

Ba Lu Hf Ta W Re Os Ir

Fr Ra Lr Rf Db Sg Bh Hs Mt

Pt Au Hg Tl Pb Bi Po At Rn

Uut Fl Uup Lv Uus UuoCn

Gd TbLa Ce Pr Nd Pm Sm Eu Ho Er Tm YbDy

Cm BkAc Th Pa U Np Pu Am Es Fm Md No

Lu

LrCf

2 13 14 15 16 17

1 18

3 4 5

d-block

6 7 8 9 10 11 12

f-block

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

1

3 4

2

5 6 7 8 9 10

11 12

55 56 71 72 73 74 75 76 77

57 58 59 60 61 62 63 64 65 66 67

89 90 91 92 93 94 95 96 97 98 99

68 69 70

78 79 80 81 82 83 84 85 86

87 88 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

100 101 102

71

103

13 14 15 16 17 18

Despite new results, 
controversy remains 
over where the 
element lawrencium 
(Lr) — plus its upstairs 
neighbor lutetium 
(Lu) — should be in the 
periodic table: in the 
d-block or f-block.

lawrencium’s atomic number, chemists 
expect that its outermost electrons will 
be in 5f, 6d and 7s orbitals. But the low 
ionization potential suggests that law-
rencium has one very weakly bound elec-
tron in the 7p orbital instead of the 6d.

Some chemists think the empty 
6d orbital suggests that lawrencium 
shouldn’t be in the third column of the 
periodic table. That column sits in a 
region of the table known as the d-block, 
which generally includes elements with 
electrons occupying an outer d orbital. 
The study confirms that lawrencium 
belongs in the table’s annex, says chemist 
Laurence Lavelle of UCLA. That separate 
group of elements, known as the f-block, 
generally contains elements with elec-
trons inhabiting an outer f orbital.

Other chemists say that, in this case, 
using orbitals to determine placement 
in the periodic table is murky. Instead, 
other trends in the table such as those 
seen in the actual numerical values of 
ionization potentials are more helpful. 
The measured ionization potential sup-
ports the idea that lawrencium does “not 
belong at the end of the f-block but rather 
at the start of the d-block,” says William 
Jensen, a chemical historian retired from 
the University of Cincinnati.

One property isn’t enough to make an 
argument for placement, says chemi-
cal historian and philosopher Eric 
Scerri of UCLA. “We need a more global 
approach,” he says.

Scerri thinks that the periodic table 
should be widened to have 32 columns so 
that the f-block elements can merge into 
the main table, and all elements would 
be displayed in order of atomic number. 
That revision would place lawrencium in 
the d-block. With the new data, Scerri is 
working on a report to persuade IUPAC 
to approve a new table with lawrencium’s 
d-block position.

Reedijk, of IUPAC, looks forward to 
Scerri’s report. But he cautions that 
IUPAC’s deliberations will probably be 
slow. When IUPAC proposed modifying 
the periodic table’s column numbering 
in 1985, it took about fi ve years to decide 
and another 10 to 15 years for chemists to 
adopt the changes, Reedijk says. sE
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Genes may influence placebo effect 
Response to sham treatment depends on certain DNA details

BY ASHLEY YEAGER

People who get a feel-good boost from 
sham medical treatments may have their 
genes to thank. 

Researchers reviewing studies of indi-
viduals’ genetics and responses to place-
bos have identified 11 genes that appear 
to play a role in how people react to the 
sham treatments. Establishing a link 
between certain genes and the placebo 
effect is in its infancy, the research-
ers say online April 13 in Trends in 
Molecular Medicine. But if confirmed, 
such a connection could change the 
way scientists analyze clini-
cal drug trials and how 
doctors treat patients, the  
researchers note.

“We don’t actually know 
how big of a role genetics 
play in the placebo effect,” 
says coauthor Kathryn Hall, a molecular 
biologist at Beth Israel Deaconess Medi-
cal Center in Boston. Studies suggesting 
a link between the placebo effect and a 
set of specific genes — what the team 
calls the placebome — have been pop-
ping up over the last few years.

“The placebome approach is very 
interesting, but we must be aware that 
genetics is only a part of the whole 
placebo phenomenon,” says Fabrizio 
Benedetti, a neurophysiologist at the 
University of Turin Medical School in 
Italy who was not involved in the work.

In the placebo effect, patients given a 
nonmedically active substance, such as 
a sugar pill, report improvement in their 
condition because they think they have 
been given something that will help. 
Whether the placebo effect is real or a 
figment of patients’ imaginations was 
questioned until about 30 years ago, 
says coauthor Ted Kaptchuk, also of Beth 
Israel Deaconess. At that time, scientists 
showed that the body’s pain system and 
response to placebo pain medication 
could be manipulated to dull the ache of 
a pulled tooth. Researchers then showed 

that brain regions involved in pain sup-
pression were activated in patients who 
received a placebo but expected to get 
pain medicine (SN: 12/20/08, p. 26; 
SN: 9/3/05, p. 157). Those results showed 
that the placebo effect is real, Kaptchuk 
says. Finding genetic influences on the 
effect is moving placebo science to an 
even more basic level, he says.

Among the genes that appear to medi-
ate the placebo effect, five are associated 
with the chemical messenger dopamine 
and four are linked with the chemical 
messenger serotonin. A gene related 

to opioids and one associ-
ated with endocannabinoids, 
which play a role in sensing 
pain, are also implicated. 
Variations in these genes 
may change the way the body 
makes and uses these mol-

ecules, the scientists say.  
Large-scale genome studies run in 

conjunction with clinical drug trials 
could help fill in the gaps in understand-
ing which genes are involved and what 
role they play in boosting the placebo 
effect. And including a no-treatment 
group in studies could control for the 
placebo effect, the researchers say. They 
note that screening participants in clini-
cal drug trials and removing those who 
are genetically predisposed to a placebo 
response might make clinical trials more 
efficient.

There’s also a clinical rationale for 
identifying genes associated with pla-
cebo effects, says neuroscientist Luana 
Colloca of the University of Maryland 
School of Nursing in Baltimore. A doc-
tor who knows that a patient responds 
to placebos can use that information to 
tailor personalized treatments, she says.

Colloca and the study authors both 
note, however, that designing drugs only 
for those who don’t respond to placebos 
and using placebo responses to manip-
ulate drug effects in clinical trials raise 
ethical concerns. s

11 
Number of genes 

shown to have a role 
in the placebo effect

lawrencium’s atomic number, chemists 
expect that its outermost electrons will 
be in 5f, 6d and 7s orbitals. But the low 
ionization potential suggests that law-
rencium has one very weakly bound elec-
tron in the 7p orbital instead of the 6d.

Some chemists think the empty 
6d orbital suggests that lawrencium 
shouldn’t be in the third column of the 
periodic table. That column sits in a 
region of the table known as the d-block, 
which generally includes elements with 
electrons occupying an outer d orbital. 
The study confirms that lawrencium 
belongs in the table’s annex, says chemist 
Laurence Lavelle of UCLA. That separate 
group of elements, known as the f-block, 
generally contains elements with elec-
trons inhabiting an outer f orbital.

Other chemists say that, in this case, 
using orbitals to determine placement 
in the periodic table is murky. Instead, 
other trends in the table such as those 
seen in the actual numerical values of 
ionization potentials are more helpful. 
The measured ionization potential sup-
ports the idea that lawrencium does “not 
belong at the end of the f-block but rather 
at the start of the d-block,” says William 
Jensen, a chemical historian retired from 
the University of Cincinnati.

One property isn’t enough to make an 
argument for placement, says chemi-
cal historian and philosopher Eric 
Scerri of UCLA. “We need a more global 
approach,” he says.

Scerri thinks that the periodic table 
should be widened to have 32 columns so 
that the f-block elements can merge into 
the main table, and all elements would 
be displayed in order of atomic number. 
That revision would place lawrencium in 
the d-block. With the new data, Scerri is 
working on a report to persuade IUPAC 
to approve a new table with lawrencium’s 
d-block position.

Reedijk, of IUPAC, looks forward to 
Scerri’s report. But he cautions that 
IUPAC’s deliberations will probably be 
slow. When IUPAC proposed modifying 
the periodic table’s column numbering 
in 1985, it took about five years to decide 
and another 10 to 15 years for chemists to 
adopt the changes, Reedijk says. sE
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Genetic roots of citrus family dug up 
New analysis of chloroplast DNA reveals rapid hybridization

BY TINA HESMAN SAEY

The mother of all citrus plants lived 
about 13 million years ago, scientists 
have learned by tracing the maternal 
side of the citrus family tree. Yet it is 
dad’s contribution that has revealed the 
growing family’s entire portrait.

Starting about 8.08 million years ago, 
the citrus family tree began branching 
out. That’s when Australian limes and 
citrons split from the original Citrus
genus, researchers report online April 14
in Molecular Biology and Evolution. 
Several subsequent rounds of specia-
tion led to branches carrying lemons, 
limes, oranges, tangerines and other 
citrus fruits. Learning how these species 
evolved may help breeders devise new 
varieties that can withstand drought and 
disease, scientists say.

Researchers from Valencia, Spain, 
determined the genetic makeup of 
chloroplasts — organelles in plant cells 
that carry out photosynthesis — from 
30 types of citrus. It’s the most detailed 
genetic analysis ever of citrus plants.

Chloroplasts carry their own DNA, 
containing more than 100 genes, and are 
typically inherited from the female par-
ent. That’s how researchers traced citrus 
plants’ heritage back to their maternal 
roots.

But the new study also yielded pater-
nal information, says study coauthor 
Joaquin Dopazo, a bioinformatician at 
the Prince Felipe Research Center.

Dopazo and colleagues noticed that 
many of the plants had more than one 
type of chloroplast DNA in their cells, a 
phenomenon known as heteroplasmy. 
The extra chloroplasts came from male 
plants when two species of citrus hybrid-
ized, the researchers determined.

The study bolsters the controver-
sial idea that plants can inherit organ-
elles from male parents, says Cynthia 
Morton, a molecular systemicist at the 
Carnegie Museum of Natural History 
in Pittsburgh. Previously, scientists had 

used scant data — only a few chloroplast 
genes — as evidence of heteroplasmy, 
leaving room for debate. This study 
compiled the complete chloroplast chro-
mosome, leaving little doubt that hetero-
plasmy happens often, Morton says. 

Dopazo and colleagues used the het-
eroplasmy information to identify both 
parents of hybrid species. For instance, 
sweet oranges are the offspring of a 
pomelo female and a mandarin male. 
Lemons resulted when a sour orange 
female hybridized with a citron male.

Such hybridization is an evolutionary 
shortcut to making new species, Dopazo 
says. “Otherwise you’d have to wait mil-
lions of years” to accumulate enough 
genetic variation to make new species.

Some citrus genes have accumulated 
more variation than others, suggesting 
these genes provided an evolutionary 
boost. Australian limes got an advan-
tage from variants in two genes, matK 

and ndhF, the researchers report. Man-
darins’ evolutionary success stems in 
part from mutations in the ccsA gene. 
Changes in the ycf1 gene were also found 
to give an evolutionary edge to manda-
rins and some related fruits. It’s not clear 
what advantage those genes provide.

The variation could mean those genes 
are unimportant, not an evolutionary 
boon, says Henry Daniell, a molecu-
lar biologist and genetic engineer at 
the University of Pennsylvania School 
of Dental Medicine in Philadelphia. 
For instance, plants don’t need ndhF
to survive, he says. “These guys may 
be barking up the wrong tree in their 
assertion.”

Tracking hybridization may help save 
plants from citrus greening, a disease 
that threatens citrus orchards across 
the southern United States, Morton says. 
Some citrus varieties in Asia, where cit-
rus greening began, may be immune to 
the insectborne disease. Breeders may 
be able to re-create hybrid species using 
greening-resistant parents. Chloroplast 
DNA could quickly tell breeders whether 
crosses produced the desired hybrid. s

To the naked eye, fossilized sea-
shells lack the colorful patterns 
of their living counterparts. But 
ultra violet light can reveal some 
of the shells’ hues. Jonathan 
Hendricks of San Jose State 
University in California examined 
4.8- million- to 6.6-million-year-
old cone snail shells from the 
Dominican Republic. Under 
UV light, organic compounds 
in the shells fl uoresce (middle 
row) — though it’s unclear exactly 
which compounds are fl uorescing. 
Hendricks then re-created the 
shells’ pigmentation (bottom row), 
compared the patterns and 
identifi ed snail species. Out of 
28 species, 13 are previously un-
known, Hendricks reported April 
1 in PLOS ONE. — Helen Thompson

LIFE & EVOLUTION

Fossilized seashells’ true colors revealed
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Ringing rings reveal  
Saturn’s innards
Saturn is surrounded by a vast seismom-
eter: its rings. Recently detected ripples 
in the gas giant’s rings carry signatures of 
the planet’s interior structure, offering 
new insights into what lies far beneath 
Saturn’s cloud tops. “It’s the first useful 
seismology on another planet,” said Jim 
Fuller, a theoretical astrophysicist at 
Caltech. His work, presented April 11, 
could help scientists understand the 
formation of planets within and outside 
the solar system.

In 2013, scientists identified vibra-
tions in Saturn’s rings that result from 
the periodic rise and fall of the planet’s 
surface. Just as seismic waves produced 
by earthquakes encode information 
about Earth’s interior, Saturn’s ring 
vibrations betray what’s lurking inside 
the planet.

Fuller says the wave patterns indicate 
that Saturn’s interior is more intricate 
than a solid core surrounded by churning 
layers of gas. He proposed in a recent 
paper that Saturn’s deep interior has a 
stable layer of fluid, perhaps in the form 
of highly pressurized liquid helium. He is 
also exploring whether the core could be 
gradually dissolving into the surrounding 
fluid. By comparing seismic data with 
magnetic field measurements, Fuller  
is devising a more detailed structural 
profile. The Cassini spacecraft may  
provide more precise gravitational  
measurements in the months before  
its lethal descent into Saturn in 2017.  
— Andrew Grant 

Map pinpoints location  
of invisible dark matter  
Dark matter can’t be seen, but a new 
map shows where it’s hiding. Released 
April 13, the map confirms that the  
mysterious matter is concentrated in 
regions that contain a lot of ordinary 
matter in the form of galaxy clusters.

Scientists with the Dark Energy 
Survey created the map by scanning a 
large swath of sky with a 570-megapixel 
camera hooked up to a 4-meter tele-
scope in Chile. Although dark matter 

MEETING NOTES

Watch a simulation of Saturn’s seismic vibrations at bit.ly/SN_Saturnrings

doesn’t absorb, emit or scatter light, the 
researchers inferred its distribution by 
charting how its gravitational influence 
altered the paths of light zooming past. 
The map enables scientists to study dark 
matter’s role in influencing whether 
particular areas of the early cosmos lit 
up with stars and galaxies or remained 
relatively empty.

The project’s ultimate goal is to use 
five years’ worth of sky scans to probe 
dark energy — a mysterious entity  
separate from the dark matter that is 
causing the universe to expand faster 
and faster. — Andrew Grant

Afterglow alerts astronomers  
to gamma-ray burst
An energetic explosion in the cosmos has 
been discovered via its not-so-energetic 
afterglow. Each year, astronomers  
observe several hundred of these  
explosions, known as gamma-ray bursts, 
but this marks the first time scientists 
have spotted a burst’s remnant radiance 
before detecting the burst itself. The 
finding, reported April 12, could enable 
the detection of other bursts whose high-
energy signatures elude space telescopes.

A small fraction of gargantuan stars 
end their lives in spectacular explosions 
that send a narrow beam of gamma rays, 
the universe’s highest-energy radiation, 
darting through space. Specialized space 
telescopes identify these bursts by de-
tecting sudden flashes of gamma rays. But 
in February 2014, a 1.2-meter telescope 
in Southern California spotted a visible-
light flash that brightened dramatically 
within about an hour, fitting the profile 
of a burst’s afterglow. Sure enough, the 
next day, astronomers looked back at data 
from three satellites and found a surge  
of gamma rays consistent with a burst.

Coauthor Brad Cenko of the NASA 
Goddard Space Flight Center in Green-
belt, Md., said the next step is detecting 
“orphan” afterglows of bursts whose 
gamma rays are not quite pointed toward 
Earth. Finding these orphans could in-
crease the annual inventory of gamma-ray 
bursts by up to 100 times. — Andrew Grant 

Subtle vibrations in Saturn’s rings 
are helping scientists explore 
the structure of the gas giant’s 
interior.
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A new map demonstrates that dark matter is 
concentrated in regions that have a lot of gal-
axy clusters (gray dots). Areas with relatively 
little dark matter are blue; regions with a lot 
are yellow and red. 
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Split galaxy offers dark matter clues
Division of stars, invisible mass hints at self-interacting particles
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Pinpointing true 
cancer mutations 
To clarify tumor culprits, study 
healthy and diseased samples

BY ANDREW GRANT

A cosmic collision has somehow sepa-
rated a galaxy from its dark matter, the 
mysterious invisible stuff that typically 
dominates a galaxy’s mass. The dark 
matter may be lagging behind its host 
galaxy because another clump of dark 
matter slowed it down. If so, it would be 
the first evidence that dark matter inter-
acts through a force other than gravity.

“It’s exciting to wonder if it could be 
dark matter interacting with itself,” says 
Neal Weiner, a theoretical physicist at 
New York University.

The study, published in the June 1 

BY NATHAN SEPPA

Cancer research is increasingly turning 
to genetics to expose the inner work-
ings of tumors and to guide treatment. 
But tumor-only analyses offer up many 
“false-positive” mutations that appear 
to contribute to cancer but which show 
up elsewhere in an individual’s healthy 
tissue, a new study finds. Sampling both 
tumor and healthy tissues might provide 
a way to sort out truly cancer-causing 
mutations, the scientists report.

A team of researchers tested tumor tis-
sue and healthy tissue from 815 patients 
who had various cancers. Using only 
the tumor analysis, the tests spotted an 

Monthly Notices of the Royal Astronomi-
cal Society, is the latest using galactic 
collisions to probe dark matter. By chart-
ing dark matter interactions, physicists 
hope to narrow down the extensive list 
of candidates for dark matter’s identity.

Decades of research shows that dark 
matter exists: Its gravity affects the spin 
of galaxies and bends light from distant 
cosmic objects. But because dark mat-
ter doesn’t emit, absorb or scatter light, 
scientists don’t know what it is made of. 
Some scientists attempt to solve this 
riddle by watching dark matter in the 
wild, in the form of colliding galaxies and 

average of 382 mutations per case that 
appeared associated with cancer. But 
nearly two-thirds of these variations, on 
average, also showed up in healthy tis-
sues, suggesting that they weren’t driv-
ing the cancer, the authors report in the 
April 15 Science Translational Medicine.

The findings offer a new spin on  
personalized medicine, which targets 
mutations in tumors to refine therapy 
and limit side effects. The mutations that 
were simultaneously found in tumor and 
healthy tissues were germline, or heredi-
tary, variations that are present at con-
ception. Coauthor Victor Velculescu, an 
oncologist at Johns Hopkins University 
School of Medicine, says that few of these 
inherited variations predispose people 
to cancer. The vast majority are simply 
rare variants that make people different 
from one another. He calls them “passen-
ger mutations in the germ line,” contrast-
ing them with the “driver mutations” that 
propel the cancer process.

The cluster Abell 3827 contains four colliding 
galaxies (yellow blobs). The bluish circle around 
the galaxies is the light from a more distant 
galaxy bending around the cluster’s center due 
to gravity from both stars and dark matter.

galaxy clusters that are chock-full of the 
invisible stuff. These researchers have 
sought evidence that dark matter inter-
acts with itself in a novel way. “If dark 
matter talks to itself, we can see that 
imprint in the universe,” Weiner says.

Richard Massey, a cosmologist at 
Durham University in England, and col-
leagues focused on a galaxy within Abell 
3827, a galaxy cluster about 1.3 billion 
light-years away in the constellation 
Indus. The galaxy is colliding with three 
other galaxies, offering the opportunity 
to view clumps of dark matter swoop-
ing past each other. Plus, the galaxy sits 
directly between Earth and another gal-
axy 7.4 billion light-years more distant. 
Using data from the Very Large Tele-
scope in Chile and the Hubble Space 
Telescope, Massey’s team measured 
how much the gravity of the nearby 
galaxy bent the light from the distant  
galaxy. Those measurements enabled 

These inherited variants are com-
mon and typically have minor effects. 
But they might occur in particular gene 
regions and look similar to variations 
that are related to cancer. “They are 
masking themselves as cancer muta-
tions,” Velculescu says. “We get tricked 
by these alterations, which are really in 
all the cells in our body.”

When the researchers concentrated 
strictly on what appeared to be well-
known cancer-related mutations in 
tumors, they found that patients aver-
aged two or three such mutations. But in 
48 percent of these patients, at least one of 
these mutations was a false-positive — it 
also appeared in healthy tissue.

Analyzing healthy tissue also revealed 
some hidden pitfalls not apparent in 
the tumor-only analysis. In 3 percent 
of the group, healthy-tissue analysis 
found a potentially detrimental germ-
line mutation predisposing patients to 
cancer. All but one of these 27 patients 

the researchers to map the distribution 
of mass in the nearby galaxy.

The map revealed a gap of about 5,000 
light-years between the galaxy’s stars and 
its dark matter. The stars add up to the 
mass of about 100 billion suns; the dark 
matter is roughly 10 times as massive.

Many theories predict that dark mat-
ter particles should exert another force 
on each other in addition to gravity. 
That force could show itself in galactic 
collisions by acting as a source of fric-
tion when clumps of dark matter meet, 
potentially causing galaxies’ resident 
dark matter to lag behind as the galax-
ies’ stars effortlessly slide past each 
other. Assuming that’s the case with the 
galaxy in Abell 3827, Massey’s team cal-
culated the minimum size of the hypo-
thetical force field around a dark matter 
particle — in other words, how closely a 
pair of particles would have to pass for 
each to feel the influence of the other. 
In March, a team including Massey set 
an upper size limit after observing the 
collisions of 72 galaxy clusters. The two 
results give particle physicists a range of 
values to use to test their theories. s
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were unaware that they carried such a 
risk. They had no family history, says  
Velculescu.

“In principle, I completely agree with 
the notion of studying paired tumor 
and normal specimens,” says Elaine  
Mardis, a geneticist at Washington Uni-
versity in St. Louis. Tumor-only analysis 
might have value in very focused testing 
of known hot spot mutations, she says. 
But in a clinical setting, it risks providing 
misleading information.

Analyses that include normal tis-
sues would cost more than current test-
ing but might someday improve cancer 
treatment, says Velculescu. “Inaccurate 
genetic information from tumor-only 
tests can have substantial consequences,” 
such as side effects from inappropriate 
treatments. Velculescu and coauthor 
Luis Diaz Jr., also of Johns Hopkins, are 
cofounders of a gene analysis and test-
ing service that has a patent application 
pending on some of this work. s
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Beads suggest hunter-gatherers 
resisted farming in Northern Europe
Culture clash may have delayed arrival of agriculture

BY BRUCE BOWER

Ancient Europe’s agricultural revolu-
tion got no love in the north. European 
hunter-gatherers living near the Baltic 
Sea clung to their traditional way of life 
as farming societies sprouted across 
Central and Southern Europe, a new 
study suggests.

Clues to ancient Europeans’ openness 
to or rejection of agriculture come from 
the beads they left behind. From roughly 
11,000 to 5,000 years ago, foragers in 
central and southern regions increas-
ingly adopted ornamental beads favored 
by incoming farmers, say archaeologist 
Solange Rigaud of New York University 
and her colleagues. A transition to these 
personal decorations, which presum-
ably had social and symbolic meanings, 
signals broad acceptance of farmers’ cul-
tural practices by foraging groups that 
covered a large swath of Europe, Rigaud’s 
group concludes April 8 in PLOS ONE.

Baltic hunter-gatherers continued to 
make their own brand of beaded orna-
ments. Belief systems and community 
practices of these hunter-gatherers must 
have clashed with those of agricultural 
newcomers, the researchers say. 

The findings fit an emerging view, 
based on ancient DNA and fossils, 

Beads used by early Central and Southern 
European farmers infl uenced ornaments made 
by nearby foragers. The beads shown here 
date to between 7,500 and 7,300 years ago.

that Europeans adopted cultivation, 
herding and related cultural traits of 
migrating Middle Eastern farmers in 
different ways across different regions — 
and sometimes in fits and starts (SN: 
11/16/13, p. 13). Previous studies of fos-
silized human skulls indicate that a mix 
of foraging and farming populations 
lived in Southeast and Central Europe 
as agricultural societies expanded, says 
archaeologist Ron Pinhasi of University 
College Dublin. Skull characteristics 
identify only one population in much of 
Northern Europe at the time.

Rigaud’s bead data demonstrate that 
Europe’s transition to farming “was not 
just a biological process, but first and 
foremost a process of cultural transfor-
mations,” Pinhasi says.

Rigaud and colleagues examined sev-
eral thousand beads from 212 hunter-
gatherer camps and 222 early farming 
settlements. The team identified 224 
bead types previously linked to either 
foragers or farmers. Bead types were 
defi ned based on raw material, shape and 
the way in which beads were suspended, 
say, as pendants or as part of bracelets.

A statistical analysis showed that over 
several thousand years, farmers’ distinct 
beads and bracelets made their way from 
Southeastern Europe to the Mediterra-
nean and then into Western Europe. 

During that time, ornaments typical of 
Northern European hunter-gatherers,
such as perforated animal teeth, remain-
ed dominant in the Baltic region.

Rigaud’s fi ndings fi t with ancient DNA 
evidence suggesting that there was a 
delay of several thousand years before 
farming moved from Southern to North-
ern Europe, says Wolfgang Haak, a paleo-
geneticist at the University of Adelaide 
in Australia. Along with cultural differ-
ences, cold temperatures and sandy soils 
in the Baltic region encouraged a reliance 
on fi shing and hunting, Haak suggests. s

the researchers to map the distribution 
of mass in the nearby galaxy.

The map revealed a gap of about 5,000 
light-years between the galaxy’s stars and 
its dark matter. The stars add up to the 
mass of about 100 billion suns; the dark 
matter is roughly 10 times as massive.

Many theories predict that dark mat-
ter particles should exert another force 
on each other in addition to gravity. 
That force could show itself in galactic 
collisions by acting as a source of fric-
tion when clumps of dark matter meet, 
potentially causing galaxies’ resident 
dark matter to lag behind as the galax-
ies’ stars effortlessly slide past each 
other. Assuming that’s the case with the 
galaxy in Abell 3827, Massey’s team cal-
culated the minimum size of the hypo-
thetical force fi eld around a dark matter 
particle — in other words, how closely a 
pair of particles would have to pass for 
each to feel the infl uence of the other. 
In March, a team including Massey set 
an upper size limit after observing the 
collisions of 72 galaxy clusters. The two 
results give particle physicists a range of 
values to use to test their theories. s
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were unaware that they carried such a 
risk. They had no family history, says 
Velculescu.

“In principle, I completely agree with 
the notion of studying paired tumor 
and normal specimens,” says Elaine 
Mardis, a geneticist at Washington Uni-
versity in St. Louis. Tumor-only analysis 
might have value in very focused testing 
of known hot spot mutations, she says. 
But in a clinical setting, it risks providing 
misleading information.

Analyses that include normal tis-
sues would cost more than current test-
ing but might someday improve cancer 
treatment, says Velculescu. “Inaccurate 
genetic information from tumor-only 
tests can have substantial consequences,” 
such as side effects from inappropriate 
treatments. Velculescu and coauthor 
Luis Diaz Jr., also of Johns Hopkins, are 
cofounders of a gene analysis and test-
ing service that has a patent application 
pending on some of this work. s
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EARTH & ENVIRONMENT

Stronger quakes could strike other segments of Nepal fault
Magnitude 7.8 temblor released only some stress where Indian, Eurasian tectonic plates collide

BY THOMAS SUMNER

The April 25 earthquake that devastated 
Nepal, killing thousands, isn’t the end of 
seismic hazards in the region. The mag-
nitude 7.8 earthquake relieved pent-
up stress along just one segment of the 
tectonic plate boundary between India 
and the rest of Asia. Even larger quakes 
could strike to the west and to the east, 
in nearby Bhutan, scientists warn.

Where and how intensely future 
earthquakes will strike depends in 
part on the shape of the seismic fault 
responsible for the Nepal quake, some-
thing that scientists don’t yet fully 
understand. But new research in the 
Himalayas has provided some glimpses 
into the hidden geology that controls 
seismic activity across the region. This 
work suggests that some areas could be 
even more at risk of strong quakes than 
previously thought.

“The hazard isn’t gone,” says Kristin 
Morell, a geologist at the University of 
Victoria in Canada. “The Himalayas are a 
very long mountain belt, and strain is still 

building up in all the other regions from 
Pakistan all the way to eastern Tibet.”

For about 50 million years, the Indian 
tectonic plate has been slipping under 
the Eurasian Plate at a rate of about 15 to 
20 millimeters each year. This encounter 
doesn’t always go smoothly. The Indian 
Plate dives at different angles along vari-
ous parts of the boundary, from almost 
level to more than 30 degrees. Steeper 
angles increase friction between the 
plates, accumulating energy for centu-
ries that rapidly releases in a matter of 
seconds in an earthquake. The recent 
Nepal earthquake’s epicenter was along 
one of these strongly sloping sections.

But when an earthquake hits, it doesn’t 
strike along the full fault. Scientists think 
this is because of physical barriers along 
the fault, such as locations where the 
angle between the two plates changes 
abruptly. An earthquake triggered on 
one side of a barrier won’t hop over the 
boundary and spread farther along the 
fault. The larger an uninterrupted seg-
ment, the more powerful the earthquakes 

it can produce.
Swaths of the Himalayan fault remain 

poorly understood, in part because 
sections of the fault hide tens of kilo-
meters belowground. But researchers 
have ways to detect the fault’s layout 
indirectly. The buried fault can cause 
changes on the surface above. Where 
the Indian Plate dips steeply, it pushes 
the overlying ground upward. This uplift 
steepens the terrain and causes more 
erosion and streams that cut deeper into 
the ground.

By looking at the surface, Morell and 
colleagues discerned the structure of 
part of the fault west of the recent Nepal 
earthquake. The area included a spot 
where the angle between the plates rap-
idly steepens. A magnitude 8.0 or greater 
quake could happen on either side of this 
transition, the researchers report online 
March 12 in Lithosphere.

Employing a similar technique farther 
east along the fault, in Bhutan, a sepa-
rate research team uncovered a wide 
segment of the fault with no potential 
boundaries. This large segment could 
produce even larger earthquakes than 
previously expected, the researchers 
report in a paper to be published in 
Geophysical Research Letters. “If there 
is a big earthquake in Bhutan, it could 
be larger than the recent earthquake in 
Nepal,” says study coauthor Rodolphe 
Cattin, a geophysicist at the University 
of Montpellier in France.

The fault could be prepped for a big 
quake to the west of the Nepal quake’s 
epicenter as well, says geophysicist Simon 
Klemperer of Stanford University. The 
at-risk fault segment in western Nepal 
is at least twice as long as the one that 
recently rattled the country’s eastern 
side and has been building stress since 
its last major quake in 1505. “The earth-
quake I worry about is not the one that 
happened on [April 25],” he says. “It’s 
the one that could be a magnitude 8.6 
to the west.” s

Shake zone  The April 25 earthquake along the boundary between the Indian and Eurasian 
tectonic plates (white line) struck northwest of Nepal’s capital city, Kathmandu, and radiated 
seismic waves in all directions. Colored lines indicate the intensity of ground shaking caused 
by the quake. Shaking on nearby Mount Everest triggered an avalanche.
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Bees can’t avoid  
neonicotinoids
New tests find pesticides 
impair some pollinators

BODY & BRAIN

Catching z’s may snag memories too 
Sleep study in fruit flies raises hope for Alzheimer’s patients

BY SUSAN MILIUS

Bees don’t have mouthparts sensitive 
to taste — and thus can’t avoid — nectar 
tainted with neonicotinoid pesticides, 
new lab tests indicate. And the allure 
of nicotine may even seduce bees into 
favoring pesticide-spiked nectar.

But outdoor tests show that neo
nicotinoid exposure for some wild 
bees can be worrisome, a second paper 
reports. Together, the studies renew 
questions about the widespread use of 
these pesticides on crops.

In the mouthpart tests, taste nerves 
in honeybees and buff-tailed bumble-
bees showed no jolt of reaction to three 
neonicotinoid pesticides, says Geraldine 
Wright of Newcastle University in Eng-
land. “I don’t think they can taste it at 
all.” Bees buzzing among floral riches 

BY LAURA SANDERS

Sleep can restore the memory of pro-
foundly forgetful fruit flies. The finding 
raises the possibility that promoting 
sleep in people with Alzheimer’s disease 
and other memory disorders might ease 
their symptoms.

The flies overcame memory-stealing 
mutations with some solid rest, scientists 
report online April 23 in Current Biology. 
“Quite honestly, this is a stunning result,” 
says coauthor Paul Shaw of Washington 
University in St. Louis. “We take flies that 
are bad and we make them better.”

If the fly research, on Drosophila 
melanogaster, can be translated to 
people, then “we ought to take the fre-
quent sleep disturbances in the aging 
population much more seriously,” says  

Two new studies renew questions about 
the effects of neonicotinoids on honeybees 
(shown) and wild pollinators.

would therefore be unable to avoid neo-
nicotinoid-tainted nectar, she and col-
leagues argue online April 22 in Nature.

Even though bees don’t taste the 
pesticides, something about their nico-
tine-related chemistry may bias bees to 
keep returning to spiked nectar, Wright 
says. Offered a choice in the lab, honey-
bees and bumblebees sipped more of 
the sugar water containing a touch of a  
neonicotinoid pesticide than the plain 
sugar water.

Previous studies have reported that 
neonicotinoid exposure can impair bees’ 
skills at bringing home pollen and nec-
tar, dimming their ability to navigate a 
landscape, for example. But debate has 
broken out over how lab studies apply 
to bees that can pick and choose flowers 
outdoors and how to interpret results 
from field studies in complex landscapes.

In the outdoor study, also reported 
April 22 in Nature, scientists paired 
eight fields in Sweden planted with rape-
seeds coated by pesticides including a 
neonicotinoid with comparable fields 
sprouting untreated seeds. Honeybee 
colonies that foraged over treated fields 

neuroscientist Maiken Nedergaard of  
the University of Rochester Medical Cen-
ter in New York. It’s possible that even 
simple sleep-promoting habits such as 
exercise and less caffeine might benefit 
people with memory trouble, she says.

Fruit fly sleep actually looks a lot like 
people’s: Sleeping flies hold very still 
and are hard to rouse. Shaw and his col-
leagues increased sleep time in flies that 
had several different mutations known 
to cause severe memory problems.

When coaxed to sleep more with the 
drug THIP, these formerly befuddled 
flies got sharper. In a test of short-term 
memory, flies better remembered to 
avoid an area laden with the nasty chemi-
cal quinine. These flies could also hold a 
memory over several days. Males learned 

and those that foraged over untreated 
ones grew at about the same rate, report 
Maj Rundlöf of Lund University in  
Sweden and colleagues. But Rundlöf  
says the study could not detect changes 
of less than 20 percent in honeybee 
colony growth. So she advises caution 
in assuming that the pesticides had no 
effect on the honeybees.

Also, the Swedish study found that 
wild Osmia bicornis bees nested at six of 
the eight untreated sites but at none of 
the treated ones. And bumblebee colo-
nies in the treated fields failed to grow. 

“At this point, it is no longer credible to 
argue that agricultural use of neonicoti-
noids does not harm wild bees,” says Dave 
Goulson of the University of Sussex in 
England, who has studied bumblebees. s

not to waste time courting male flies that 
smell like females: Two days after the 
failed courtship, these males remem-
bered their rejection and didn’t attempt 
to woo their unwilling recipients.  

The team got the flies to conk out two 
other ways, too — by activating certain 
brain cells and by increasing the levels  
of a protein. Both methods also led to 
memory boosts, suggesting that the  
benefits are due to sleep and not a drug. 

Sleep also improved the long-term 
memory of flies with mutations in the 
fly version of Presenilin, a gene linked to 
familial early-onset Alzheimer’s.

The results tie into a growing body of 
work that’s revealing a complex relation-
ship between sleep and Alzheimer’s, says 
neurologist Mark Wu of Johns Hopkins 
University. “It’s a stretch to suggest that 
sleeping would cure memory problems,” 
he says. “But there’s a potentially impor-
tant relationship between sleep and 
Alzheimer’s disease.” s
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Contagious cancer found in clams 
Third example of transmissible malignancy no threat to people

BY TINA HESMAN SAEY

A leukemia-like disease in soft-shell 
clams is a contagious cancer that spreads 
from clam to clam, a new study finds.

The disease probably originated in a 
single soft-shell clam at least 40 years 
ago, researchers report in the April 9 
Cell. Cancer cells somehow migrated to 
other clams and infected them, eventu-
ally spreading the disease up and down 
the eastern North American coast from 
Canada’s Prince Edward Island to the 
Chesapeake Bay.

It is not clear how the disease moves 
or whether the cancer cells can infect 
other mollusks. What’s certain is that 
the disease is not dangerous to people. 
“It’s only a shellfish health issue. It’s 
not a human health issue,” says Bruce  
Barber, an invertebrate pathologist at 
Eckerd College in St. Petersburg, Fla.

Although some viruses are known to 
cause cancer, only two other transmis-
sible cancers have ever been described. 
One is a nonfatal venereal tumor in dogs, 
and the other is a facial tumor that has 
decimated Tasmanian devil populations 
(SN: 4/20/13, p. 10).

The clam disease was first noticed in 
the 1970s when soft-shell clams (Mya 
arenaria) in the Chesapeake Bay and in 
Maine started dying in large numbers. 

Scientists originally thought that water 
pollution was responsible, Barber says. 
But researchers soon noticed that the 
cancer could spread from sick clams 
to healthy ones even in clean water. 
During the 1980s and 1990s, scientists 
began testing whether a virus might be 
involved.

Carol Reinisch, a marine biologist 
at Environment Canada in  
Burlington, suspected that 
the clam leukemia was 
spread by retroviruses. Ret-
roviruses, such as HIV and 
several types of leukemia-
causing viruses, carry their 
genetic information in RNA. 
When retroviruses infect 
cells, they make a DNA copy 
of their genomes and insert 
the copies into the host’s 
DNA. The host then produces viruses 
that can go on to infect other cells. In 
2009, Reinisch contacted Stephen Goff, 
a virologist at Columbia University who 
studies retroviruses that cause cancer in 
mice, for help.  

Last year, Goff and colleagues reported 
that clams weren’t infected with a retro-
virus, but they did carry a retroelement 
called Steamer. Retroelements — also 
called transposable elements or jump-

ing genes — are similar to 
retroviruses in that they 
insert into a host’s genome. 
But unlike retroviruses, 
retroelements don’t move 
to other cells or organisms.

Healthy clams may 
carry two to 10 copies of 
Steamer, but sick clams 
have 150 to 300 copies. 
Still, it wasn’t clear whether 
or how Steamer gave the 
clams cancer. So Goff ’s 
group examined where in 
the sick clams’ genome the 
retroelement landed, sam-
pling clams from multiple  

locations along the Eastern Seaboard.
“That’s when we got thrown for a 

loop,” Goff says. “The integration sites 
in tumors were the same all up and down 
the coast. That’s impossible. That’s not 
the way retroelements work.”

More investigation revealed that all 
of the cancer cells — which resemble 
out-of-control white blood cells — were 
nearly genetically identical. But the can-
cers were genetically different from the 
clams they were living in. Those findings 
indicate that the cancer cells themselves 
spread from clam to clam.

The evidence that the 
leukemia-like disease is 
contagious is “completely 
convincing,” says Elizabeth 
Murchison, a geneticist at 
the University of Cambridge 
who studies transmissible 
cancers. “It really shows that 
this type of disease can occur 
in unexpected ways.”

Dogs pass cancer during 
mating. Tasmanian devils 

bite each other, transferring cancer cells 
in the bite. But clams don’t bite each 
other, nor do they mate the way dogs 
do. Instead, the researchers speculate, 
cancer cells may float through seawater 
and get into the clams as the mollusks 
filter the water to feed. That possibility 
remains to be tested.

Exactly what the diagnosis will mean 
for the clams, which are still dying, is 
unknown. “The results are compelling 
and interesting but need follow-up,” says 
S. Anne Boettger, a physiological ecolo-
gist at West Chester University of Penn-
sylvania. Researchers need to know more 
about how the cancer cells get in and out 
of the clams and how the retroelement is 
involved in the disease, she says.

Fishermen and ecologists are con-
cerned with how to stop the cancer.  
Chemotherapy is commonly used to 
treat cancer in humans and dogs, but 
“dumping something like a chemother-
apeutic agent into the water is probably 
not a good way of dealing with this,” 
Boettger says. Instead, the solution may 
be identifying clams that are resistant to 
the disease and breeding them. s

Cancer cells 
may float 
through  

seawater and 
get into the 
clams as the 

mollusks filter 
the water  

to feed.

Soft-shell clams wait on a laboratory bench to be tested for a 
newly discovered contagious cancer that can kill them.
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ATOM & COSMOS

Looking ahead to 
Hubble’s future
Telescope will probe cosmic 
expansion, alien atmospheres

BY CHRISTOPHER CROCKETT

BALTIMORE — A technique for sniffing 
around in the atmospheres of supersized 
planets near superbright stars could 
also help the Hubble Space Telescope 
unravel the history of the universe.

Hubble scientists developed a way 
to slowly scan the sky while collecting 
starlight so the telescope could explore 
the neighborhoods of stars that would 
otherwise be too bright for its sensitive 
detectors. It turns out that this trick 
also enables astronomers to measure 
distances to nearby stars with unprec-
edented precision, helping to zero in on 
the expansion rate of the universe and 
why it’s picking up speed.

This surprising connection is just 
one revelation to come out of a four-day 
symposium at Hubble’s headquarters, 
the Space Telescope Science Institute 
in Baltimore. Astronomers gathered 
there April 20–23 to celebrate the 25th 
anniversary of the orbiting observatory, 
which rocketed into space April 24, 1990 
(SN: 4/18/15, p. 18). They also looked 
ahead to what the telescope can accom-
plish in its remaining years.

Hubble is the premier instrument for 
dissecting distant skies, says astronomer 
Heather Knutson of Caltech. Knutson 
uses Hubble to examine the atmospheres 
of super-Earths, planets a few times as 
massive as Earth. Atmospheres maintain 
records of how planets form.

But many of the planets Knutson 
would like to examine orbit stars that are 
too bright for Hubble’s sensitive detec-
tors. She gets around this by directing 
Hubble to slowly turn while collecting 
light, which causes the star to drift across 
the telescope’s field of view. Rather than 
blasting a small cluster of pixels, the light 
trickles across the detector, preventing 
any one area from being overwhelmed.

Knutson and colleagues have 

A technique used by the Hubble Space Telescope to probe exoplanet atmospheres may help scien-
tists measure the distances to type 1a supernovas, such as this one lurking behind a galaxy cluster.

requested time with Hubble to examine 
the atmosphere of a super-Earth recently 
discovered by the revived Kepler space 
telescope. Designated EPIC 201912552b, 
the planet would be the first super-Earth 
in a habitable zone — the region around 
a star where liquid water can exist on 
a planet’s surface — to have its atmo-
sphere measured. Researchers hadn’t 
planned on making such measurements 
until at least 2018, after the launch of  
Hubble’s successor, the James Webb 
Space Telescope. “Hubble could scoop 
James Webb,” Knutson says.

Knutson hopes to measure the ratio 
of carbon to oxygen in the atmosphere 
of this potentially habitable world. The 
relative abundance of those elements 
can help researchers pinpoint where 
the planet formed. The planet is also cool 
enough, she says, to detect methane or 
ammonia if there’s any around.

Adam Riess, an astrophysicist at Johns 
Hopkins University, has set his sights 
a bit farther out — more than halfway 
across the known universe. He is using 
a class of exploding stars known as type 
1a supernovas to track the expansion 
rate of the universe, a number known as 
the Hubble constant (SN: 4/5/14, p. 18).

One of the biggest obstacles to getting 
better precision, Riess says, is measur-
ing distances to stars within the Milky 

Way that he and his colleagues can use 
to calibrate the brightness of type 1a 
supernovas. The scanning trick that 
helps Knutson, it turns out, is perfect 
for clearing this hurdle.

When triangulating the distance to a 
nearby star, astronomers must precisely 
measure the position of the star relative 
to other stars. By scanning the telescope 
instead of holding it steady, researchers 
can measure the positions of lines of 
starlight instead of points, thereby aver-
aging out many errors that creep in. It’s 
like getting thousands of observations in 
one snapshot, Riess says.

Based on earlier tests, Riess says that 
this trick will reduce uncertainties in the 
Hubble constant by half within the next 
year. Such improvements have a whop-
ping effect on how precisely astronomers 
can measure the effect of dark energy, the 
repulsive force that is pushing the uni-
verse apart at an ever-increasing rate.

The symposium helped drive home 
Hubble’s flexibility, says astronomer 
Steve Rodney of Johns Hopkins. From 
alien worlds to the evolution of the uni-
verse, Hubble is pushing at frontiers 
undreamed of 25 years ago. And despite 
no hope for repairs should any parts 
break, astronomers are optimistic that 
the “people’s telescope” has at least a few 
more good years left. s

March 2012 July 2012
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LIFE & EVOLUTION

Shimmer sabotages predators’ aim
A peck-the-bug computer game for quail 
shows that some of nature’s most spec-
tacular coloring might be peacock obvi-
ous to the eye but tricky for a predator 
to grab. In lab tests, it took birds almost 
four tries on average to nail an iridescent 
bug target (roughly inspired by the color-
ing of a greenbottle fly, right) as it moved 
across a gray screen, says Tom Pike of 
the University of Lincoln in England.  
The birds pecked similar targets without 
the shimmer in fewer than three tries 
on average. And the birds struck closer 
to the target center on the plain bug 
stand-ins than on the iridescent ones, 
Pike reports in April’s Biology Letters. 
This unusual test bolsters the idea that 
flashy, changeable coloration might offer 
certain animals a measure of protection 
from predators. — Susan Milius

EARTH & ENVIRONMENT

Giant magma pool beneath Yellowstone
The supervolcano lurking under Yellow- 
stone National Park belches up 45,000 
metric tons of carbon dioxide every 
day — much more than could be produced  
by the known magma chamber that lies 
just below the surface. Now, scientists 
have spotted a source of the excess gas, 
and it’s a doozy: a magma pool containing 
enough hot rock to fill the Grand Canyon 
11 times, the researchers report online 
April 23 in Science. Hsin-Hua Huang 
of the University of Utah in Salt Lake 
City and colleagues found the magma 
by tracking seismic waves from nearly 
5,000 earthquakes that echoed off the 
volcano’s insides. The magma reservoir,  
which extends 20 to 50 kilometers below-
ground, connects the near-surface magma 
chamber to the deeper magma-oozing 
hot spot that fuels the volcano. At 46,000 
cubic kilometers, the reservoir holds more 
than four times the volume of the smaller 
chamber. The reservoir is only 2 percent 
melted rock and too deep to contribute to 
a supervolcanic eruption like the one that 
formed the Yellowstone caldera about 
640,000 years ago (SN: 10/4/14, p. 32). 
Though the odds of an impending Yellow-
stone doomsday remain exceedingly slim, 

NEWS IN BRIEF

the find should help volcanologists better 
assess the hazards posed by the super
volcano. — Thomas Sumner 

BODY & BRAIN

Pulling fingers to see why knuckles crack
Knuckles crack when a bubble forms in 
a joint, new high-speed images reveal. 
The finding, reported April 15 in PLOS 
ONE, may settle a decades-old debate 
about the source of the sound. Gregory 
Kawchuk of the University of Alberta in 
Canada and colleagues used magnetic 
resonance imaging, or MRI, to watch 
what happened as they slowly pulled  
a man’s finger until his knuckle cracked. 
As the finger was pulled, tension mount-
ed in the knuckle joint and fluid rapidly 
accumulated, showing up as a white spot 
on the MRI picture. Then a cavity sud-
denly opened, producing the pop, much 
like the way a suction cup being pulled 
off a window does, Kawchuk says. The 
researchers hope to repeat the study 
with more people, including some who 
can’t crack their knuckles and some with 
joint diseases. Despite old wives’ tales, 
the ability to crack knuckles may be a 
sign of healthy joints, the researchers 
say, and therefore useful for monitoring 
joint health. — Tina Hesman Saey

ATOM & COSMOS

Cosmic rays misbehave in experiment
A new census of charged particles buzz-
ing through space includes a puzzling 
feature that challenges predictions about 
how these particles originate. The results, 
presented April 15 at a conference in 
Geneva, may force scientists to rethink 
theories that focus on supernovas as 
the producers of these speedy particles. 
Installed on the International Space 

Station in 2011, the Alpha Magnetic 
Spectrometer collects and identifies 
cosmic rays, charged subatomic particles 
that permeate the galaxy (SN: 3/21/15, 
p. 22). Based on the previously measured 
concentrations of galactic cosmic rays, 
many scientists suspect that the particles 
get flung toward Earth in the shock waves 
of exploding stars. But the new analysis 
of 300 million protons and 50 million 
helium nuclei adds a wrinkle to the shock 
wave explanation. While the number 
of particles observed generally drops 
steadily as their energy increases, the 
rate of that drop abruptly decreases. 
The shock wave scenario doesn’t sup-
port that sudden rate change, says 
Francis Halzen, an astrophysicist at the 
University of Wisconsin–Madison who 
attended the conference. The measure-
ment, which confirms less precise findings 
from previous experiments, suggests an 
additional source of cosmic rays. “This 
structure really challenges our notions 
about the origin of galactic cosmic rays,” 
Halzen says. — Andrew Grant

MATTER & ENERGY

An even more precise atomic clock
The world’s best timepiece just got even 
better. An atomic clock described April 21 
in Nature Communications is about three 
times as precise as its record-setting 
predecessor. The clock, which builds off an 
earlier prototype, would not lose or gain 
a second in roughly 15 billion years. And 
raising it just 2 centimeters off its surface 
would perceptibly change its ticking rate 
due to the slightly weaker pull of Earth’s 
gravitational field. Future generations of 
atomic clocks could precisely trace Earth’s 
shape and form the basis of a global 
timekeeping network. — Andrew Grant

Take a peek inside Yellowstone’s volcanic plumbing at bit.ly/SN_Yellowstone
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FEATURE

Earth — a planet of oceans, rivers and rainforests — 
grew up in an interplanetary desert. 

When the solar system formed about 4.6 billion 
years ago, shards of calcium- and aluminum-rich 
minerals stuck together, building ever-larger 
pebbles and boulders that smashed together and 
assembled the rocky planets, including Earth.

But Earth’s signature ingredient was nowhere 
to be found. Heat from the young sun vaporized 
any ice that dared to come near the inner planets. 
Earth’s relatively feeble gravity couldn’t grab on to 
the water vapor, or any other gas for that matter. 
And yet, today, Earth is a planet that runs on H2O. 
Water regulates the climate, shapes and reshapes 
the landscape and is essential to life. At birth, 
humans are about 78 percent water — basically a 
sack of the wet stuff. 

To get water, Earth had to have help from some-
where else.

Researchers recently found traces of Earth’s 
aquatic starter kit locked away inside several 
meteorites, chunks of rock that fell to the plan-
et’s surface. Those meteorites were a gift from 
Vesta, the second largest body in the asteroid 
belt between Mars and Jupiter. Vesta is thought to 
have formed earlier than Earth, roughly 8 million 

to 20 million years after the start of the solar sys-
tem. (Earth needed 30 million to 100 million years 
to pull itself together.)

Well before the rocky planets formed, recent 
research suggests, ice-infused asteroids were 
forged beyond Jupiter and subsequently swarmed 
the inner solar system. These space rocks deliv-
ered water to Vesta and to Earth after being hurled 
at our planet by the gravity of Jupiter and Saturn. 
Whether the giant planets were a help or a hin-
drance is anybody’s guess. But if what happened 
here can happen anywhere, then water might 
be prevalent on other worlds, giving life a good 
chance of thriving throughout the galaxy.

Comets vs. asteroids
For decades, researchers have debated whether 
comets or asteroids delivered Earth’s water. At 
fi rst glance, comets seemed a likely source. Origi-
nating beyond the orbit of Neptune, comets are 
the deep-freeze storage units of the solar sys-
tem. They hold a lot of ice that has been locked 
away within their interiors since the formation 
of the solar system. Some comets are occasionally 
thrown inward after a close brush with a planet or 
passing star. It makes sense that, during the chaos 

Every bit of Earth’s H2O was delivered by space rocks, 
but which ones?  By Christopher Crockett

Heavy stuff  When 
one or both hydrogen 
molecules in water is 
replaced by deuterium, 
the heavier water offers 
a means to trace where 
it came from within the 
solar system. 

WATER, WATER
EVERYWHERE
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of the early solar system, Earth would have been 
pummeled with comets, bringing plenty of water 
to fi ll the oceans.

In recent years, however, the comet hypothesis 
has lost favor. “It looks like comets are pretty much 
out,” says cosmochemist Conel Alexander of the 
Carnegie Institution for Science in Washington, 
D.C. Most of the comet water tested so far doesn’t 
match that of Earth’s oceans. Plus, it’s incredibly 
diffi cult to bring a comet toward Earth, much less 
a whole slew of them. “It just shouldn’t be part of 
the discussion anymore,” he says.

Part of the problem lies in a subtle chemical 
difference between water on Earth and water in 
most comets. Water is a simple molecule resem-
bling a pair of Mickey Mouse ears: two hydrogen 
atoms grab a single oxygen atom. But sometimes 
deuterium, a slightly heavier version of hydrogen, 
weasels its way into the mix. The nucleus of a deu-
terium atom contains one proton and one neutron; 
in hydrogen, the proton stands alone. On Earth, 
only about 156 out of every 1 million water mol-
ecules contain deuterium.

Researchers have long used the relative amount 
of deuterium compared with hydrogen — known 
as the D/H ratio — to trace water back to where 
it originated. At colder temperatures, deuterium 
starts to show up in ice more frequently. So bodies 
that formed in the frigid backwaters of the solar 
system, such as comets, should be enriched in 
deuterium, whereas the water vapor that swirled 
around the infant Earth should have little to none.

Most comets appear to follow that logic; their 
D/H ratio is typically about twice what has been 
measured on Earth. 

Two comets, however, threw a curveball at sci-
entists who had counted out comets as the source 
of Earth’s water. In 2010, researchers used the 
Herschel space telescope to measure the D/H 
ratio of comet 103P/Hartley 2. They reported 
that 103P’s water nearly matched that found on 
Earth. Observations of comet 45P/Honda-Mrkos-
Pajdušáková three years later also found abnor-
mally low D/H ratios. Suddenly one, possibly two, 
comets were carrying Earthlike water.

Jupiter’s pull
Both of these comets are part of a community 
known as Jupiter family comets. They originated 
in the Kuiper belt, the ring of icy debris beyond 
Neptune where Pluto lives. The gravity of first 
Neptune and then Jupiter gradually nudged these 
comets into relatively short orbits that bring them 
closer to the sun. All previous D/H measurements 

were of comets that hail from the far more distant 
Oort cloud, a shell of ice fragments that envelops 
the solar system. Comets 103P and 45P suggested 
that researchers may have been hasty in dismiss-
ing all comets as Earth’s water source. Perhaps 
just the Jupiter family comets were responsible.

But then in 2014, the European Space Agency’s 
Rosetta probe arrived at Comet 67P/Churyumov–
Gerasimenko, another Jupiter family comet. As 
the spacecraft sidled up to the comet, it sam-
pled the water streaming from the comet body 
and found 67P’s D/H ratio to be staggeringly 
high — more than three times that of Earth’s 
oceans (SN: 1/10/15, p. 8).

“Each new comet measurement is giving us a 
different picture,” says Karen Meech, a planetary 
scientist at the University of Hawaii in Honolulu. 
The Rosetta results show that even among a single 
family of comets, there is incredible diversity in 
water composition. “Comets formed over a huge 
range of distances, so it’s no surprise that there’s 
a huge range in D/H,” she says.

But even if some comets have an Earth-like 
D/H ratio, it’s still really hard to get comets 
to hit our planet in the first place. “Any comet 
that’s going to bash into Earth has to get past 
this really big linebacker of Jupiter,” says plan-
etary scientist Sean Raymond of the Laboratoire 
d’Astrophysique de Bordeaux in France. Jupiter 
has a tendency to take comets that come too close 
and fl ing them out of the solar system. The few 
that do end up on Earth-crossing orbits don’t stay 
there for long. 

“The comet only has a certain number of tries 
to get in close and either hit Earth or get scattered 
on to another orbit,” Raymond says.

So Jupiter’s gravity may be too big a hurdle for 
comets to overcome. But it may be just the ticket 
for fl inging asteroids at the inner planets.

A more ‘tack’-ful approach
In 2011, a team of researchers including Raymond 
were tackling a different problem: Why is Mars 
so small? There should have been plenty of raw 
material available 4.6 billion years ago to turn 
Mars into a planet closer in size to Venus or Earth. 
But Mars is just about half Earth’s diameter and 
about one-tenth its mass. One possible explana-
tion is that something prematurely robbed the 
nascent Red Planet of its building blocks.

One solution, known as the Grand Tack model, 
describes a solar system far less sedate than the 
one we inhabit today (SN Online: 3/23/15). In the 
Grand Tack scenario, Jupiter and Saturn stride 

Every bit of Earth’s H2O was delivered by space rocks, 
but which ones?  By Christopher Crockett

Different fl avors
The ratio of deuterium to 
hydrogen, the D/H ratio, 
varies widely among solar 
system bodies. The makeup 
of Earth’s water overlaps 
with water trapped in certain 
meteorites (green squares). 
Comets from the Oort cloud 
(orange diamonds) and the 
Kuiper belt (yellow diamonds) 
typically have two times the 
D/H ratio as water on Earth, 
though a couple comets are 
a close match.
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FEATURE | WATER, WATER EVERYWHERE

back and forth across the solar system like school-
yard bullies, hurling rocks at and stealing food 
from the other planets. The gas that encircled the 
sun dragged Jupiter and then Saturn inward. Once 
Jupiter arrived at about the current orbit of Mars, 
a gravitational tug from Saturn fl ung both back 
out from where they came (the “tack” in “Grand 
Tack”).  Jupiter’s encroachment on the inner solar 
system carved a gap in the debris fi eld from which 
the rocky planets were forming, depriving Mars of 
raw ingredients.

The same planetary tango that robbed Mars of 
resources might also explain how icy asteroids 
pummeled Earth. As Jupiter and Saturn wandered 
back out, their gravity latched on to asteroids that 
formed beyond the snow line — the boundary 
beyond which temperatures are low enough for ice 
to form — and fl ung them inward. About 1 percent 
of these ice-infused boulders, known as C-type 
asteroids, were dropped into the outer regions 
of the asteroid belt. But for every C-type asteroid 
relocated to the belt, at least 10 were sent careen-
ing into the region where the rocky planets were 
materializing. 

This bombardment of asteroids a few million 
years after the start of the solar system could 
have easily delivered enough ice — locked inside 

the rocks, safe from the sun’s heat — to account for 
Earth’s oceans, computer simulations indicate. 
Water makes up to about 20 percent of the mass 
of some of these asteroids. On Earth, despite hav-
ing more than 70 percent of its surface blanketed 
in blue, water accounts for only 0.023 percent of 
the planet’s mass. Compared with some asteroids, 
Earth is positively parched.

The Grand Tack nicely explains the formation 
of Mars, the layout of the asteroid belt and the 
delivery of water to Earth via icy asteroids. But 
Raymond stresses that it’s just one way to match 
all the data. “It’s an evolution of thinking,” he says. 
“It’s not meant to be a fi nal solution.”

The same D/H ratio that exonerated comets is 
now pointing a fi nger at these asteroids. In 2012, 
Alexander and colleagues concluded in the journal 
Science that the bulk of Earth’s water arrived via 
bodies similar to a class of meteorites known as 
CI carbonaceous chondrites. Researchers think 
that these meteorites, which were knocked off 
asteroids that formed beyond Jupiter, are among 
the oldest objects in the solar system.

Alexander’s research, along with that of many 
others, builds a strong case for a chemical match 
between Earth’s water and chondrites’ water. But 
it doesn’t address when the water arrived. Brown 

Year 0
Jupiter forms

Year 70,000 
Jupiter migrates inward

Year 100,000
Saturn migrates inward

Year 300,000 
Outward migration

Year 500,000
End of Grand Tack

Year 600,000–present 

2 AU 4 AU 6 AU 8 AU 10 AU

Rocky asteroids

Sun

Mercury

Venus Earth

Mars

Icy asteroids

Uranus NeptuneJupiter Saturn

Stirring the pot  As Jupiter and Saturn paced back and forth in the early solar system, they re arranged the 
rock and ice debris encircling the young sun, as seen in this schematic. Some of the icy asteroids that formed beyond 
the orbit of Jupiter would then have fl ocked to the inner solar system, water in tow, and become incorporated into 
the nascent rocky planets, including Earth. An astronomical unit (AU) is the distance between the sun and Earth.
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University geologist Alberto Saal argues that part 
of the answer lies on the moon.

The bounty of lunar samples brought to Earth 
by Apollo astronauts included volcanic glass 
hauled in during the Apollo 15 and 17 missions. 
The glass formed from rapidly cooling magma that 
was spat out from the moon’s interior long ago. 
In 2013, Saal and colleagues reported in Science  
that the D/H ratio of water trapped within the 
glass matched that measured in both Earth’s 
oceans and Alexander’s carbonaceous chondrites  
(SN: 6/29/13, p. 8). Saal’s findings suggest two 
things: Earth and the moon have a common 
source of water and the water was already here 
when the moon formed.

The moon started with a literal bang. A planet 
the size of Mars is thought to have smashed into 
Earth toward the end of our planet’s formation. 
The collision blasted part of Earth, as well as the 
unfortunate interloper, into a ring of vaporized 
rock that encircled Earth before sticking together 
to build the moon (SN: 7/12/14, p. 14). Water must 
have been present at the time of impact for it to 
be sealed into the moon, Saal notes, or it at least 
arrived before the moon’s surface had time to cool 
and solidify. This puts water near Earth about 150 
million years after the start of the solar system. 
But based on the moon data alone, we can’t say 
how much earlier, says Sune Nielsen, a geologist 
at the Woods Hole Oceanographic Institution in 
Massachusetts.

To narrow in on a more precise time for water’s 
arrival, researchers have turned to the asteroid 
Vesta. Or, more specifically, meteorites nicked off 
Vesta after the asteroid got whacked by another 
space rock. Woods Hole geologist Adam Sarafian, 
Nielsen and colleagues analyzed small amounts of 
water trapped within minerals of apatite locked 
inside a sample of Vesta meteorites. The team 
reported last fall in Science that the D/H ratio of 
the meteorites’ water matched Earth’s. That dis-
covery implies that whatever delivered Vesta’s 
water brought along Earth’s as well and that this 
water had to have arrived before Vesta finished 
forming (SN Online: 11/1/14).

That finding pushes the influx of water back, 
possibly as early as 8 million years after the start 
of the solar system. This is the oldest stockpile of 
water ever dated in the solar system, Nielsen says. 
These observations place water in the inner solar 
system well after Jupiter and Saturn were on the 
prowl, lobbing asteroids around the solar system.

Nailing down how and when water arrived at 
Earth is about more than just understanding how 

our planet was built. “If you have to have some sort 
of external delivery mechanism for getting water 
to terrestrial planets,” says Alexander, “it becomes 
harder to make a habitable planet.” Rocky plan-
ets forming around other stars will face the same 
problem that Earth faced. These planets in the 
habitable zones of their stars, while able to sup-
port liquid water on their surfaces, develop in dry 
environments and need to have ice sent in from 
farther out. Did Earth get lucky by having Jupiter 
and Saturn as neighbors, or are there other ways 
to move water around?

Just because Earth formed one way doesn’t 
mean all habitable planets must follow the same 
path. “I would be cautious,” Nielsen says, about 
saying that gas giants are the only way to bring 
water to rocky planets. 

In fact, gas giants may even be a hindrance. 
“Jupiter and Saturn just screw things up,” says 
Raymond. Their gravity is strong enough that they 
tend to kick asteroids and comets right out of the 
solar system. If Jupiter and Saturn didn’t exist, he 
notes, Earth’s gravity could have stolen 10 times 
as much water from the outer edge of the aster-
oid belt. In the absence of giant planets, water 
delivery could happen naturally as planets pull 
in debris from different parts of the solar system. 
Recent observations from the Kepler space tele-
scope suggest that planets the size of Jupiter are 
relatively uncommon around other stars. Perhaps 
most habitable planets do just fine on their own.

If that’s the case, then maybe the galaxy is  
teeming with ocean worlds waiting to be discov-
ered. “From my point of view,” Raymond says, 
“having water on a planet like Earth is an everyday  
occurrence.” s

Explore more
ss Alessandro Morbidelli et al. “Building terrestrial 

planets.” Annual Review of Earth and Planetary 
Sciences. May 2012.

Water trapped in  
meteorites from the  
asteroid Vesta (left) 
closely matches the 
composition of Earth’s 
oceans. Comets such  
as 67P/Churyumov– 
Gerasimenko (right) 
have, in general, too 
much deuterium to  
be Earth’s primary  
water source.
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Corrupt chemists tweak compounds 
faster than law enforcement can call 
them illegal
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T
he 18-year-old had stabbed himself four times in the 
neck and chest with a pair of scissors. Alone in his 
dorm room, he had suddenly felt trapped, convinced 
that the only way to get out was to kill himself.

When he woke up hours later in a pool of blood, the psy-
chedelic trip that had gripped him was waning. Horrifi ed, he 
managed to call an ambulance. As he recovered, the college 
student told Joji Suzuki, an addiction psychiatrist at Brigham 
and Women’s Hospital in Boston, that he had taken LSD.

Suzuki was suspicious. Months earlier, in the summer of 
2013, another student had come in with stab wounds in his 
back. He claimed to have taken magic mushrooms and said 
that he had stabbed himself. But psychedelic mushrooms don’t 
make people violent, and stabbing oneself in the back is not 
easy to do. Suzuki suspects that the young man with the back 
wound may have been covering for a friend who was also high. A 
month later the student was back. He spent fi ve days delirious 
in the hospital’s intensive care unit, claiming he had taken LSD.

Violence and delirium are not usual effects of LSD. “Even in 
an overdose, LSD won’t lead to a fi ve-day agitated delirium in 
the ICU,” Suzuki says. “I knew then that this had to be some-
thing else.”

By the time the scissors-wielding student arrived, Suzuki 
was better prepared. He had found a lab that could test for a 
little-known hallucinogen called 25I-NBOMe. Sure enough, 
the student’s blood tested positive. Maybe he thought he was 
taking LSD, but he had actually ingested a new, more dan-
gerous hallucinogen from of family of drugs called smiles or 

NBOMes (pronounced en-bombs). People who take NBOMes 
are prone to stab themselves, says Suzuki, who reported the 
case in November in the Journal of Psychoactive Drugs. “We 
see it so many times. It’s bizarre.”

NBOMe overdoses have been appearing in U.S. emergency 
rooms since around 2012, but little is known about the drugs. 
They are one of many designer drugs, produced as alterna-
tives for classic but illegal substances such as cocaine, LSD 
and marijuana. Some of the most popular designer drugs are 
hallucinogens such as NBOMes, stimulants such as bath salts 
(named for their resemblance to Epsom salts) and spice —  
synthetic cannabinoids that mimic marijuana. Each one comes 
in versions that are more dangerous than the drugs they were 
made to replace.

When a designer drug fi rst appears for sale — often in gas 
stations, convenience stores or online — it is technically 
legal, because its chemical structure is slightly different from 
the illicit drug it mimics. When the U.S. Drug Enforcement 
Administration gets wind of the new drug, the agency moves 
to label the drug “Schedule 1,” meaning that it is not safe and 
has no known medical use. Dodgy chemists will then tweak the 
structure a bit and release another wave of slightly different, 
legal-until-they-get-noticed drugs.

By Kate Baggaley

They pack a punch  New designer drugs can emulate the highs that users get from classic compounds, but 
many come with nasty side effects of their own. A synthetic cannabinoid, or spice (left), can be rolled and smoked 
like marijuana, but may be a riskier choice.  SOURCES: U.S. DEA/DRUGS OF ABUSE 2011; J. SUZUKI ET AL/PSYCHOSOMATICS 2015

Designer drug  Classic drug Shared desired effects Designer drug’s negative effects 

Spice Marijuana A mellow high Psychosis, stroke, heart attack, kidney damage

NBOMes LSD
Psychedelic trips, 
hallucinations

Delirium, paranoia, violence, seizures, racing 
heart, spiking blood pressure

Bath salts
Cocaine, am-
phetamines

Euphoria, alertness, 
energetic high

Excited delirium, dehydration, hyperthermia, 
muscle breakdown, kidney failure
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A lot of the drugs seen on the street today haven’t even been 
tested in animals, much less in humans, says Jenny Wiley, a 
behavioral pharmacologist at RTI International in Research 
Triangle Park, N.C. “People are basically the guinea pigs.”

Though designer drugs have been around for decades, 
there’s been a recent surge in new compounds, says Jill Head, 
a forensic chemist at a DEA research lab in Dulles, Va. “In the 
last fi ve or six years we’ve seen upwards of 350, almost 400 
new drugs emerge.”

And each one is somewhat different. “Every drug has its own 
little story,” says Michael Baumann, who heads the Designer 
Drug Research Unit, a small team within the National Institute 
on Drug Abuse in Baltimore. When a new drug appears, it’s up 
to chemists, pharmacologists and researchers like Baumann to 
quickly develop tests that will detect the drug in a person’s sys-
tem and fi gure out how it works. They want to know the risks 
it poses and how best to treat people who have bad reactions. 

Spicing up drug testing
Though recreational marijuana is legal in four states and 
the District of Columbia, synthetic cannabinoids are still in 
demand. Pot remains illegal for people under age 21. Plus, 
military personnel, police offi cers, parolees and athletes are 
all routinely screened for marijuana and other drugs. A big 
benefi t of the newcomer drugs: Commonly used tests don’t 
look for them. 

To improve such testing, Marilyn Huestis, a forensic toxi-
cologist at NIDA, wants to identify the breakdown products 
of spice and other designer drugs. “The problem is that we’re 
always behind the manufacturers,” she says. “As quickly as a 
drug becomes [illegal], immediately other drugs are available 
on the market.” 

To evaluate any new compound, she incubates a sample 
of the drug with pieces of human liver cells to see how long 

it takes the cells to break down the com-
pound. The test “tells you something about 
the potential danger of that drug,” she says. A 
drug that is slowly metabolized “is going to be 
active in the body for a longer period of time.”

Huestis then investigates how the drug’s 
structure changes when the body metabolizes 
it. For a given drug, she generally fi nds 12 to 25 different metab-
olites and identifi es the most common ones, so testers can focus 
on the easiest-to-fi nd compounds in blood or urine samples.

Like many designer drugs, spice has its origins in the sci-
entifi c literature, Huestis says. Researchers created synthetic 
cannabinoids in the 1980s as tools to understand the body’s 
endocannabinoid system, which is involved in learning, mem-
ory, appetite, fi ghting disease and pain. Chemists were trying 
to make a compound that could snugly fi t into endocannab-
inoid receptors, proteins that sit on the outside of cells and 
act as the system’s gateway. They hoped that fi nding a key to 
unlock these receptors might lead to more effective painkillers. 

“The folks that were making these never in their wildest 
dreams thought that [the compounds] would be diverted as 
drugs of abuse,” Baumann says.

But inevitably, clandestine chemists discovered how well 
synthetic cannabinoids replicate the effects of weed, and 
started pumping them out. The fi rst fi ve synthetic cannabi-
noids were declared illegal in 2011. 

“People tend to think, well gee, cannabis really isn’t bad for 
you, how can these be bad for you? But the potency makes a 
tremendous difference,” Huestis says. Some forms of spice are 
up to 100 times as potent as weed — a small amount can have 
a big effect, she adds.

Though many people use the drugs without incident, some 
forms of spice can cause strokes, heart attacks and kidney dam-
age, she says. Psychosis is also a big problem.

Bath salts 
(above) are 
packaged as a 
product one 
might use in the 
tub. They’ve 
been linked to 
deaths.
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The rat brain on bath salts 
Most of Baumann’s research has focused on bath salts, drugs 
designed to mimic a stimulant called cathinone. Cathinone 
occurs naturally in the khat plant, which grows on the Arabian 
Peninsula and in East Africa. Chewing the leaves gives a stimu-
lating boost like that from drinking a cup of coffee, Baumann 
says. Synthesized by chemists, bath salts are more intense.  

Typically sold as a powder, bath salts produce feelings of 
euphoria and alertness similar to the effects of amphetamines 
and cocaine, but some chemical forms are even more pow-
erful. MDPV, the most infamous component of the original 
wave of bath salts, can bring on a powerful crash involving sui-
cidal feelings, delirium and violence. This crash may happen 
because bath salts thwart communication between parts of 
the brain — and connectivity gets weaker with higher doses, 
according to research in rats by Marcelo Febo, a neuroscientist 
at the University of Florida in Gainesville. He presented the 
study last year at the Society for Neuroscience annual meeting 
(SN: 12/13/14, p. 12).

Snorting one line of bath salts can be like doing 10 lines of 
cocaine, Baumann says. It’s much more potent than what peo-
ple are used to. High doses or repeated use of bath salts can 
cause excited delirium with raised body temperature, muscle 
breakdown and kidney failure. “People die from bath salts,” 
Baumann says. The biomedical literature is peppered with 
many more cases of deaths from bath salts than from synthetic 
cannabinoids.

Bath salts boost dopamine, a reward and pleasure messen-
ger molecule, in the territory between nerve cells in the brain. 

This is what makes the drug so irresistible to users over time. 
“We know that anything that pops up dopamine to a significant 
degree … is going to be addictive,” says Baumann.

Bath salts swell dopamine levels by disrupting the trans-
porter molecules that normally carry dopamine out of the 
space between nerve cells. Like cocaine, MDPV clogs the ports 
in the carrier molecule so dopamine can’t be mopped up once 
it has done its job, Baumann and colleagues reported in 2013 
in Neuropsychopharmacology. Instead, the dopamine stays in 
the space between nerve cells and keeps on signaling, activat-
ing a wide array of messages within the brain. 

“In this case, [MDPV] is outcompeting the dopamine,”  
Baumann says. The dopamine isn’t moved out of its signaling 
zone. “That’s the calling card of MDPV. That’s also the calling 
card of a very addictive substance.”  

Bath salts containing two other compounds, mephedrone 
and methylone, take a different tack, Baumann’s group 
reported in 2012 in Neuropsychopharmacology. Similar in size 
to dopamine, these drugs can slip inside the carrier molecule, 
forcing it to spit dopamine into the space between neurons. 
In Baumann’s studies, mephedrone and methylone didn’t 
increase dopamine levels as much as MDPV did. But, he says, 
“these molecules enter cells, are accumulated inside and cause 
neurotoxic effects.” 

Stoner behavior
There haven’t been any controlled trials of designer drugs 
in humans in the United States and very few in other coun-
tries. So researchers observe how the drugs alter the behavior 
of mice, which can help the DEA get the drugs off the street. 
“These models cannot prove that the drug will produce a high 
in humans, but they are the best we have,” says Wiley, of RTI 
International.

So how can she tell a mouse is stoned? Wiley injects syn-
thetic cannabinoids into mice and looks for sluggishness, pain  
tolerance and lowered body temperature. Though synthetic 
cannabinoids have quite different chemical structures than 
THC (the active ingredient in marijuana), they evoke similar 
rodent responses. The mice sit in one spot without moving and 
are slow to flick their tail away when a hot light shines on it. 
Wiley also tests whether the mice wasted on synthetic canna-
binoids act the same way they do when stoned on THC. 

“The DEA needs information showing that the substances 
have effects similar to those of marijuana in order to work with 
other government agencies to ban the compounds,” Wiley 

THC (marijuana’s active ingredient) Cathinone (khat)JWH-018

Bath salts are sometimes sold as household products (plant food or 
jewelry cleaner) and labeled “not for human consumption.” DEA spokes-
person Barbara Carreno calls this approach “a cynical attempt on the 
part of the marketers” to create a defense for themselves in case they 
get caught and go to court.
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Old blueprints  Some designer drugs have 
chemical structures that resemble those of plant-
based drugs; others are distant cousins. JWH-018, a 
version of spice, has a very different structure from 
marijuana’s active ingredient THC, but has similar 
effects. MDPV, on the other hand, is a bath salt in-
gredient with a structure similar to the khat plant’s 
cathinone, which is also a stimulant. Hallucinogens 
known as NBOMes, although ingested like LSD, are 
chemically similar to mescaline.
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says. The agency used her behavioral and chemical profiles of 
synthetic cannabinoids to close down a spice-selling shop in 
Duluth, Minn., she says. 

Adam Halberstadt and Mark Geyer, psychopharmacologists 
at the University of California, San Diego, ran a similar battery 
of tests to confirm the hallucinogenic properties of NBOMes. 
When hallucinating, mice start quickly twitching their heads, 
the researchers reported last year in Neuropharmacology.  
Halberstadt speculates that the animals were hallucinating 
that they were being touched or getting wet. 

The 25I-NBOMe, which sent Suzuki’s patient into a suicidal 
frenzy, is especially potent and also made the mice hyperactive, 
Halberstadt says. 

NBOMes chemically resemble mescaline, a compound found 
in the peyote cactus. They don’t spike dopa-
mine levels and aren’t addictive. But an over-
dose can prompt paranoia, seizures, a racing 
heart or high blood pressure. NBOMes mas-
querade as extra serotonin, a molecule that 
plays many roles in the brain, some related 
to mood, aggression and sensitivity to pain.

NBOMes can be dissolved and sold on paper 
blotters. Unfortunately, this means NBOMes 
are often sold as LSD. “People know that they 
can sell this as LSD and make more profit 
than they would by selling these compounds 
as what they really are,” says Halberstadt.  
“They’re being sold as something that is believed to be safe, but 
these don’t have the safety margin that LSD does.”

Massive doses of LSD may cause panic reactions known as 
bad trips, but they are unlikely to kill a person. “People know 
how to take LSD. It’s been around for a long time,” says Josh 
Elmore, a pharmacologist in Baumann’s lab. But with NBOMes, 
“If the person making the blotter puts a little bit too much, 
people die,” he says.

This lack of consistency in dosing is not limited to NBOMes. 
Spice is typically sprayed on plant leaves (often from the herb 
marshmallow) before being packaged and sold. “It’s very arbi-
trary and it’s up to whoever’s doing the formulation and adding  
the drug to that plant material,” says the DEA’s Jill Head.

This unpredictability extends to other modes of spice, 
which can also be vaped via e-cigarette. One of the problems 
is that synthetic cannabinoids dissolve poorly in the vaping 
liquid. The drug may start to crystallize over time, says Wiley. 
“If you’re down to the last little dregs of your e-liquid and it’s 

mostly these pieces of the chemical that have fallen out of solu-
tion, but you stuff that in your e-cigarette, what you might end 
up with is a very, very large dose,” she says. 

A chemical Hydra
Trying to profile and ban designer drugs is like fighting Greek 
mythology’s many-headed Hydra, which sprouted more heads 
as soon as one was sliced off. The DEA can declare drugs tem-
porarily illegal as they appear. This process, called emergency 
scheduling, gives the agency a chance to evaluate the drug 
before officially labeling it illegal. But drugmakers “can tweak 
substances and come up with new ones faster than the regula-
tory process allows us to schedule them,” says Barbara Carreno,  
a DEA spokesperson.

The drugs are made in China, India and 
Pakistan by chemical companies, Baumann 
says. “The people that are doing this, they’re 
probably Ph.D.-level chemists that are min-
ing the medical literature for these structural 
templates. This isn’t the Hell’s Angels brewing  
stuff in a bathtub; this is a very sophisticated 
operation.”

Where the drugs migrate when they leave 
Asia can vary. “Early on in this trend of 
emerging synthetics, Europe was a barometer 
for us,” says Jeff Comparin, a forensic chem-
ist at the DEA. When the drugs appeared in 

Europe, the United States would have advanced warning of 
about six months. “More recently, we think that we’re encoun-
tering new drugs in the United States first.”

A small kernel of self-regulation may come from within the 
drug-user communities — at least for NBOMes. In the last year 
especially there’s been a growing chorus among both users and 
vendors that selling NBOMes as LSD will be the new drug’s 
downfall, Suzuki says. 

In the meantime, Baumann and his cohorts continue to pro-
file the dizzying array of new drugs as they emerge. There’s no 
sign that unscrupulous chemists will stop flexing their creative 
muscles anytime soon. “I hope I’m wrong,” Baumann says, “but 
it doesn’t look like there’s any end to it. It’s essentially an infi-
nite number of possibilities.” s

Explore more
ss Jenny L. Wiley et al. “Hijacking of basic research: The case of 

synthetic cannabinoids.” RTI Press, 2011.

Cathinone (khat) 25I-NBOMeMDPV Mescaline (peyote)

NBOMes are sold on colorful paper  
blotters, just like LSD, but their 

effects can be more severe.
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REVIEWS & PREVIEWS

The Turing test features prominently in Alex Garland’s new fi lm Ex Machina, but 
this is no meditation on computer science. It’s not even, ultimately, about artifi cial 
intelligence. The movie instead explores humans: the Frankenstein-like hubris 
involved in creating artifi cial beings; the power relationships between employee 
and boss, parent and child, tester and testee; the moral responsibility of creation. 

The movie follows a young programmer, Caleb (Domhnall Gleeson), chosen 
to spend a week in the remote boreal home and lab of his billionaire boss Nathan 
(Oscar Isaac), a reclusive genius who wrote the code for a Google-like search 
engine when he was a teen. Nathan tasks Caleb with interviewing Nathan’s A.I. 
creation, Ava (Alicia Vikander), to see if the robotic femme fatale has achieved the 
ability to think for herself, or, some would say, consciousness. Instead of evaluating 
Ava, Caleb falls for her and begins to question himself. 

For now, A.I. might be found mostly in self-driving cars and smartphone apps. 
But in this thoughtful sci-fi  thriller, artifi cial intelligence takes the form of human 
fantasy and fear. — Eva Emerson

Budding interplanetary explorers can satisfy their 
wanderlust with Vesta Trek, a web-based applica-
tion that lets users explore the asteroid Vesta.

The app uses data from the Dawn spacecraft, 
which orbited the asteroid from July 2011 to 
September 2012. Users can overlay maps of 
geology, mineralogy and abundances of various 
elements on the second-largest rock in the aster-
oid belt. The application also provides data 
to make a 3-D printed model of the asteroid. 

The interface to pan and zoom will be familiar to anyone who has used an online 
map. Armchair cartographers will fi nd tools to measure distances and elevations 
of the landscapes. At the south pole, for example, is a roughly 19-kilometer-deep 
pit at the bottom of which sits a mountain more than twice as high as Mount 
Everest. — Christopher Crockett

While other characters contem-
plate the humanness of the robot 
Ava (played by Alicia Vikander) 
in Ex Machina, the fi lm focuses on 
the humanity of her maker and of 
the man evaluating her. 

FILM

‘Ex Machina’ explores 
humanity as much as A.I.

SCREENTIME

Explore an asteroid with Vesta Trek

Buy Books Reviews on the Science News website 
include Amazon.com links that generate funds 
for Society for Science & the Public programs.

BOOKSHELF

Psychiatry Under 
the Infl uence
Robert Whitaker and 
Lisa Cosgrove
A journalist and a 
psychologist investi-
gate pharmaceutical 

companies’ infl uence on psychiatry 
and fi nd institutional corruption.
Palgrave Macmillan, $36

The Collected Papers 
of Albert Einstein, 
Volume 14, The 
Berlin Years: Writing 
& Correspondence, 
April 1923–May 
1925

Diana Kormos Buchwald et al, eds.
Einstein’s writings in the years lead-
ing up to quantum mechanics include 
correspondence with Max Planck, 
Max Born, Erwin Schrödinger 
and Hermann Weyl. The volume 
includes Einstein’s Nobel Prize 
lecture. English translations appear 
in an accompanying paperback 
volume. Princeton Univ., $140 
(English translation, $45)

Vesta, seen in this mosaic of 
images from the Dawn spacecraft, 
is explorable in a new app.

Check out an asteroidscape at vestatrek.jpl.nasa.gov
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Buy Books Reviews on the Science News website 
include Amazon.com links that generate funds 
for Society for Science & the Public programs.

Almost a century before Einstein 
was born, the English polymath John 
Michell speculated that a star of 
immense mass could exert enough 
gravitational force to imprison light. 
Michell’s insight marked the origin of 
an idea that was demonstrated in reality 
only in the 20th century, in the astro-
physical offspring of Einstein’s general 
relativity known as the black hole.

In Black Hole, Marcia Bartusiak, an acclaimed science 
writer, tells the story of black holes as they emerged from 
studies of Einstein’s equations, focusing primarily on the 
period from the 1950s to the 1970s. Though first implied by 
the work of Karl Schwarzschild in 1916 — just months after 
Einstein had completed his theory — black holes weren’t 
seriously investigated until 1939, in a paper by J. Robert 
Oppenheimer and Hartland Snyder. The two showed that 
rather than just a heavy star that held light close, a black hole 
represented the disappearance of the star — its mass crushed 
to nothingness, leaving only the mass’s gravity behind.

World War II then stalled black hole research until the 
1960s. During that decade various newly discovered astro-
physical phenomena, such as quasars, forced physicists 

Fraud in science gets a lot of attention 
and condemnation — as it should. But 
fraud is relatively infrequent. And it 
isn’t terribly interesting, says Alex  
Reinhart in Statistics Done Wrong, “at 
least, not compared to all the errors that 
scientists commit unintentionally.”

Most of those inadvertent errors, it 
seems, result from the abuse or misuse 
of statistics, the mathematical methods 
used to test hypotheses and draw infer-

ences from data. Reinhart, who began his scientific career as 
a physicist but now teaches statistics, describes in pithy and 
conversational language the many pitfalls of statistical tools, 
from p values (SN Online: 3/17/15) to regression analysis. 
He writes mainly for the well-meaning scientists who would 
like to analyze their data appropriately but have been mis
instructed in statistical technique (or not instructed at all) 
and therefore risk reporting erroneous results.

Of all the books that tackle these issues, Reinhart’s is the 
most succinct, accessible and accurate assessment of the 
statistical flaws that render many scientific studies suspect. 

to revive general relativity, a theory that had been mostly 
neglected for decades. Gravitational collapse of matter to 
form a black hole, as implied by Einstein’s theory, turned 
out to be essential in explaining quasars. Although John 
Archibald Wheeler is given credit for coining the name black 
hole in 1967, Bartusiak points out that the term had already 
been in print journalistically in 1964, in Life magazine (Janu-
ary 25 issue) and a week earlier in this magazine, then called 
Science News Letter (1/18/64, p. 39).

Black Hole is engaging and lively, weaving in personal 
drama (tensions between Oppenheimer and Wheeler, for 
instance) with a clear account of the underlying science.  
Bartusiak also highlights the role black holes played in  
capturing the public imagination and fueling interest  
in the mysteries of the cosmos.

She does not extend the story through the explosion of 
black hole research from the 1980s onward. But she does 
briefly discuss black holes’ importance in many fundamental 
aspects of physical theory today, from their role in creating 
gravitational waves to their connections with the mysteries 
of quantum physics. Perhaps that story can be treated more 
fully later, after those mysteries have been solved and the 
offspring that their solutions imply are given clever names. 
— Tom Siegfried

Testing multiple hypotheses at once, on samples that are too 
small, using invalid tests, without specifying ahead of time 
how the data will be analyzed, are all a) very common prac-
tices and b) guaranteed to produce many wrong results. And 
as Reinhart astutely notes, virtually all the incentives in the 
scientific enterprise (such as getting published and getting 
tenure) encourage such bad practices and offer no rewards 
for people who want to do statistics right.

This is a small but important book. It should be required 
reading for all scientists, especially editors of journals and 
officials of funding agencies (not to mention science jour-
nalists — well, all journalists). It tells a clear and convincing 
story about a dysfunctional system. It exposes the many 
errors that scientists commit in their research methods. 
Reinhart also provides plenty of helpful guidance on how to 
avoid, or at least limit, many of the pitfalls of poor statistical 
methodology. 

But he also acknowledges that even when statistical meth-
ods are applied properly — just as textbooks dictate — they 
often do not achieve their intended purpose: “Even properly 
done statistics can’t be trusted,” Reinhart declares. Trust 
him. — Tom Siegfried

Black Hole 
Marcia Bartusiak
YALE UNIV., 

$27.50

Statistics Done 
Wrong
Alex Reinhart
NO STARCH PRESS, 

$24.95

BOOKSHELF 

Research can’t be right with ‘Statistics Done Wrong’

BOOKSHELF 

100 years of a transformative idea 
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Can a computer detect a media outlet’s political bias based 
solely on the quotes it publishes? How will the public inter-
pret celebrities’ public health messages, like Angelina Jolie’s 
statements on her cancer risk? Given 9 quintillion possible 
outcomes for the NCAA tournament, what are the most 
successful strategies for picking a winning bracket?

These are just some of the questions addressed in Science 
News’ new blog, Culture Beaker. The blog’s author is Boston-based freelance writer 
Rachel Ehrenberg (above). Regular readers will recognize the name: Ehrenberg 
covered chemistry and interdisciplinary sciences for Science News from 2008 to 
2013. Her blog shines a light on the places where science and culture intersect, 
considering the relevance of science to broader culture as well as the cultural 
ramifi cations of new fi ndings. 

One of Ehrenberg’s posts explores the controversial use of music “mash-ups” 
in legal battles over song copyrights. Recently, relatives of musician Marvin Gaye 
sued the producers of a 2013 song called “Blurred Lines,” claiming the song’s beat 
plagiarized a 1977 Gaye hit. Forensic musicologists put the vocals of one song 
over the instrumentals of the other to demonstrate their similarities.

But, Ehrenberg argues, the forensics was fl awed from the start. Mash-ups, 
rather than helping distinguish one song from another, end up creating something 
entirely new. She examines the ways that scientists analyze musical DNA and 
discusses whether mash-ups have enough scientifi c merit to hold up in court.

Ehrenberg was a 2013–2014 Knight Science Journalism fellow at MIT, has 
degrees in botany and political science from the University of Vermont and a mas-
ter’s in evolutionary biology from the University of Michigan. She graduated from 
the science communication program at the University of California, Santa Cruz. 

Check out all of the posts mentioned above and more from Culture Beaker at 
bit.ly/SN_CultureBeaker

Susan Criss, a fi nalist of the 1991 Westinghouse Science Talent Search, reconnected 
with the Society earlier this year when she volunteered to be a Grand Awards Judge 
at the 2015 Intel International Science and Engineering Fair. 

Criss in 1991 was one of fi ve fi nalists who had the opportunity to present her 
research to President George H.W. Bush at the Westinghouse Science Talent Search 
50th Anniversary Banquet. Now, 24 years later, she will be returning to her home 
town of Pittsburgh this May to help evaluate projects from nearly 1,700 fi nalists from 
around the world and determine who will win this year’s top awards.

Since the Science Talent Search, Criss received her bachelor of science in chemical 
engineering from Penn State University, and is now an associate director of research 
and development at Procter & Gamble.

Announcing a new blog from Science News

Alumni reconnect

Launching a mini-grant 
program for students
In conjunction with the White House 
Science Fair held in March, Society for 
Science & the Public announced the 
launch of a pilot mini-grant program in 
2015. This program will support socio-
economically challenged students who 
have done scientifi c research by helping 
them submit their projects for presenta-
tions and competitions.

“We think it’s vitally important to 
continue building and diversifying the 
pool of students participating in science 
fairs and other science, technology, en-
gineering and math competitions,” says 
Maya Ajmera, CEO and president of the 
Society. “This pilot grant will let us test 
out, on a small scale, if having a dedicated 
advocate impacts participation rates.”

Grants will be provided to teachers, 
counselors or mentors who can advocate 
for a group of three to fi ve students and 
assist them in completing the application 
for a scientifi c competition.

Susan Criss 
(right) explains 
her research to 
President George 
H.W. Bush at STS 
in 1991.
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FEEDBACK

ARPIL 4, 2015

Free-range planets
Astronomers are puzzling over some space 
oddities: planets that don’t orbit stars. In 
“Wandering worlds” (SN: 4/4/15, p. 22), 
Ashley Yeager explored how these lonely 
rogues may alter the defi nition of a planet.
Tim Geho wanted to know more about 
how scientists locate homeless worlds. 
“Where does the light come from that 
allows rogue planets to be seen, either 
directly or via gravitational lensing?” 
he asked. “Is there some sort of fl uores-
cence or luminescence involved or is 
[light] refl ected from distant suns?”   

Some rogues can be imaged directly 
because big planets can emit their own 
heat, Yeager says. Telescopes detect 
this heat as infrared light. Identifying a 
planet with gravitational lensing is also 
possible. In this case, astronomers 
use light from a distant star to infer 
the existence of a planet. First they 
track the movement of the star. From 
the viewpoint of Earth, when the star 
passes behind some unseen object, the 
hidden object’s gravity will bend the 
star’s light. How much the object bends 
the light reveals the object’s mass. 
If the mass is similar to the mass of 
a planet, then astronomers assume 
that the unseen object is a planet.

Readers also had their own sugges-
tions for what to call these rogues. Jeff 
Barry jokingly proposed naming them 
“nibirus,” after the mythical dooms-
day planet that is supposed to crash 
into Earth. John Turner commented, 
“Some sources refer to these nomadic 
bodies as ‘planemos.’ I notice we’re 
avoiding using that word in this article, 
though it’s been used in Science News
pieces in the past. What gives?” 

Planemo never became widely 
used in the astronomy community, 
according to Penn State astronomer 
Kevin Luhman. He suggests stick-
ing with brown dwarf, while others, 
like Michael Liu at the University of 
Hawaii in Honolulu, prefer the term 
free-fl oating planet.

New thoughts on old tools
Developing new categories for types of 
stone tools could help anthropologists 

craft a more accurate view of hominid evo-
lution, Bruce Bower reported in “Reading 
the stones” (SN: 4/4/15, p. 16). 
Discussions on Facebook and Twitter 
centered on how diffi cult it would be to 
re-create some of the tools. Some read-
ers, like Grink, declared confi dently, 
“I can make that.” Others thought 
the process would be challenging. 
“It’s a very diffi cult technique,” wrote 
Shashank Ac. “Most modern humans 
would not last a day in the Stone Age.”

Mark S. took the idea a step further, 
suggesting a Paleolithic reenactment 
week: “Have the specialists get together 
and try to hunt, butcher and live as 
putative Stone Age peoples would. It 
would probably shed all sorts of light 
on what tools were really important 
and under what conditions. Anyone 
caught ordering pizza would lose their 
publication rights.” 

The scent of rain
Andrew Grant explained how falling water 
drops can kick soil chemicals into the air, 
creating that well-known poststorm earthy 
aroma, in “Why rain smells like that” 
(SN: 4/4/15, p. 5).
The story confi rmed what reader 
Bo Grimes had long suspected: “Ever 
since I fi rst noticed the phenomenon 
as a child, I assumed chemicals were 
released from the soil, though I prob-
ably thought of it in terms of splashed 
dirt.” Commenter Zk10 wrote, “For 
whatever reason, the earthy, natural 
smell of raindrops on hot sand has a 
wonderful calming effect on me. These 
smells are so faint you do not even real-
ize they are there. You just feel better. 
Nice to know the science behind it.”

Correction
In “An oil spill’s aftermath” (4/18/15, 
p. 22), U.S. District Judge Carl Barbier’s
ruling about the amount of oil released 
in the 2010 Deepwater Horizon spill 
in the Gulf of Mexico was expressed 
incorrectly. The judge ruled that 
4 million barrels of oil exited the res-
ervoir but that, after accounting for 
oil collected at the site, 3.19 million 
barrels was discharged into the Gulf.

Join the conversation
E-MAIL editors@sciencenews.org

MAIL Attn: Feedback
1719 N St., NW
Washington, DC 20036

Connect with us

SOCIAL MEDIA

The benefi ts of 
old age
In “Postmenopausal orcas guide 
hunts” (SN: 4/4/15, p. 8), Susan 
Milius described how older female 
killer whales draw on years of 
experience to lead their families to 
fruitful hunting spots.

“I’ve heard of ‘salad days,’ but ‘salmon 
days’?”
Lisa Wieland on Facebook

“Hope they don’t have hot fl ashes!”
@NieldBeverly on Twitter
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SCIENCE VISUALIZED

A mouse’s optic nerve glows in a rainbow  
of colors in this micrograph. 

The image is made using Brainbow, a tech-
nique developed in 2007 that inserts genes 
for fluorescent proteins into animals. When 
activated, the proteins illuminate some cells in 
a range of colors. While most researchers use 
Brainbow to visualize connections between 
nerve cells in the brain, Alain Chédotal of the 
Institut de la Vision in Paris and colleagues 
customized the technique to trace networks 
of cells called oligodendrocytes. These cells 
wrap a material called myelin, the biological 
equivalent of electrical insulation, around long 
strands of nerve cells that transmit electrical 
signals in the brain and throughout the body. 

How oligodendrocytes work together to 
wrap nerve fibers in myelin becomes evident in 
Brainbow photos of the roughly 3-millimeter-
long optic nerve, the team reports in the April 
Glia. The myelin shields the precious link 
between brain and eyes.

Studying interactions among oligodendro-
cytes as well as the cells’ reactions to various 
drugs may lead to improved therapies for  
multiple sclerosis, a disease caused by the 
destruction of myelin. — Ashley Yeager

‘Brainbow’ illuminates 
cellular connections

Stained glass cells  In this zoomed-in image of 
the optic nerve, oligodendrocytes glow in various 
colors, allowing scientists to identify individual cells. 
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