
B Y  E R I K A  C H E C K  H A Y D E N

It was never meant to be a piece of cake — 
but neither was it meant to be a flop. Yet as 
the 31 May registration deadline looms for 

the Archon Genomics X Prize — a challenge to 
sequence 100 complete human genomes in 30 
days at unparallelled accuracy and low cost — 
only two teams have entered. 

The lacklustre showing is a testament to both 
the difficulty of the challenge and the matura-
tion of the DNA-sequencing industry in the 
seven years since the prize was first conceived, 

genetics and innovation researchers say.
“The business has become bigger than the 

prize,” says Jonathan Rothberg, founder of the 
sequencing company Ion Torrent in Guilford, 
Connecticut, which was acquired in 2010 by 
Life Technologies in Carlsbad, California — 
which was, in turn, recently snapped up for 
US$13.6 billion by Thermo Fisher in Waltham, 
Massachusetts. Ion Torrent plans to compete, 
but other firms have apparently decided that 
they have little to gain.

Yet the goal of the prize — to drive down 
the cost of sequencing while improving 

its quality — matters just as much as it did 
in October 2006, when the X Prize Foun-
dation, based in  Playa Vista, California, 
first announced the challenge, experts say. 
Although sequencing costs have fallen drasti-
cally (see ‘Plummeting costs’), that decline has 
plateaued recently.

The original rules called for teams to 
sequence 100 genomes in 10 days for less than 
$10,000 per genome. After none of the original 
eight competitors could meet the 10-day time-
frame, the foundation spent two years revamp-
ing the challenge. The reconceived prize, 
launched in October 2011, extended the time 
to 30 days, tightened the cost to $1,000 per 
genome and specified that 100 genomes from 
centenarians, who may harbour life-extend-
ing genetic variants, must be sequenced (see  
L. Kedes and G. Campany Nature Genet. 43, 
1055–1058; 2011).  

The new challenge aims at what the X Prize 
Foundation calls a “medical grade genome” — 
a sequence of all the nuclear DNA to 98% 
completeness and high accuracy, allowing 
only one error per million bases. To win the 
$10-million prize pot, teams must also find 
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why the generations specifically last for 
13 or 17 years. 

Koenig suggests that the answer may involve 
interactions with birds. He and Andrew Lieb-
hold of the US Forest Service in Morgantown, 
West Virginia, analysed 45 years of data from 
the North American Breeding Bird Survey (W. 
D. Koenig and A. M. Liebhold Am. Nat. 181, 
145–149; 2013) and found that bird popula-
tions tend to fall during the years in which 
periodical cicadas emerge. Birds feed on cica-
das, so Koenig expected to find the opposite 
pattern. He proposes that the masses of cicadas 
trigger long-term changes in the forest that end 
up causing bird populations to crash after 13 or 
17 years. The mechanism remains a mystery, 
but Koenig notes that one factor could be the 
flood of dead cicadas, whose bodies are 10% 
nitrogen. The die-off sends a pulse of ferti-
lizer into the forest that temporarily enhances 
plant growth but could later lead to unfavour-
able conditions for birds. “It’s a pretty weird 
hypothesis,” he admits.

To synchronize their emergence, the 
nymphs must somehow keep track of how long 
they have been underground. Gene Kritsky, 
an entomologist at the College of Mount St. 
Joseph in Cincinnati, Ohio, says that nymphs 
seem to count the number of times that trees 
set their leaves in the spring; in 2007, some 
Brood XIV cicadas emerged a year early, fol-
lowing a strong winter thaw during which trees 
produced leaves, then dropped them and grew 
new ones in the subsequent spring. But no one 
knows how cicadas ‘remember’ the number of 
years since they last emerged.

Researchers are making more progress in 

probing the biological mechanisms that allow 
cicadas to switch their life cycles. In an analysis 
of DNA markers published this year (T. Sota 
et al. Proc. Natl Acad. Sci. USA 110, 6919–6924; 
2013), a team including Cooley developed an 
evolutionary tree for Magicicada and found that 
the major species groups had repeatedly split 
into 13-year and 17-year cohorts. The research-
ers suggest that those splits are explained by a 
common genetic mechanism across the species.

Chris Simon, a co-author and evolution-
ary biologist at the University of Connecticut, 

plans to follow up those results with several 
genetic studies, including sequencing the RNA 
transcripts of genes that are active at different 
stages in the cicada life cycle. She is particularly 
interested in probing the occasional tendency 
of periodical cicadas to emerge 4 years early or 
late. These ‘stragglers’ are easy prey so do not 
usually survive, but Simon and others suggest 
that the timing mistakes might have given rise 
to new broods in the past. “It’s a way of having 
instant speciation,” she says. “This ability to 
jump through time is something that has not 
been seen before in other organisms.” 

One example of this time travel might be 
happening right now in north-central Cin-
cinnati, at least 500 kilometres from Brood II’s 
range. Kritsky documented thousands of  
cicadas appearing last week in a spot where he 
saw stragglers in 2000, four years before the 
city was inundated with the expected 17-year 
cicadas of Brood X.

The arrival of cicadas in the same place 
this year might mean that an environmental 
change such as global warming is causing them 
to emerge early, or that a genetic factor has 
caused some members of the 17-year Brood X 
to switch to a 13-year life cycle, says Kritsky. He 
must wait another 4 years to see whether some 
of the stragglers from 2000 have reverted back 
to their 17-year schedule. The main pulse of 
Brood X will arrive in 2021. 

By then, Kritsky will be 68 years old. The 
long generations of the periodical cicadas 
makes studying them difficult, he says. “You 
would think we’d have a lot of answers but 
we don’t. Very few researchers have seen five 
generations.” ■

A cicada moults for the last time before taking wing.
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DNA insertions, deletions and rearrangements 
within genes and determine which parent each 
one came from. 

Hitting all these goals in one go is hugely chal-
lenging. Market leader Illumina in San Diego, 
California, boasts a rate of false-positives (inac-
curately flagging a DNA base as a variant from 
normal) of 0.25% and a rate of false negatives 
(missing a real variant) of 7.4%, well above the 
error rates allowed by the X-prize requirements. 
It is hard to do better because current technolo-
gies sequence the genome in short stretches 
that then have to be reassembled, introduc-
ing errors. New ways to sequence longer seg-
ments in one go are commercially available (see 
Nature 494, 290–291; 2013), but they are slow 
and expensive. “To date, none of them would 
win the X prize at this scale,” says quantitative 
biologist Michael Schatz at Cold Spring Harbor  
Laboratory in New York. 

Still, why have so few teams even deigned to 
try? Meeting the challenge would cost much 
more than the prize purse, but that has also 
been true of past contests that attracted dozens 
of entrants, such as the Ansari X Prize, which 
required teams to send passengers into space, 
and the US government’s Defense Advanced 

Research Projects Agency Grand Challenges, 
one of which catalysed the development of suc-
cessful self-driving cars.

Part of the answer is that a genomics prize, 
unlike a rocket launch, isn’t easy to explain to 
the public. As a result it does not have the same 
publicity value, says Luciano Kay, a researcher 
at the Center for Nanotechnology in Society at 
the University of California, Santa Barbara. A 
competition for a self-driving car that can go  
10 kilometres is more attractive than manipula-
tion of matter or genes at tiny scales to accom-
plish a very scientific or technical feat, Kay says. 

And the goal of the genomics X prize — to 
sequence whole genomes to medical grade 
rapidly and cheaply — may not be a top com-
mercial priority at present. The business of 
genomics is already booming on the basis of 
less complete sequences, and Rothberg points 
out that scientists can only interpret the small 
fraction of the genome that codes for proteins 
(the ‘exome’). It is unclear what would be 
gained from an accurate sequence of the rest.

Still, whoever wins the prize earns the right 
to boast, which explains why Ion Torrent 
decided to compete. It also explains why Illu-
mina decided not to: failure would only dent 
its reputation, muses Timothy Harris, who 
develops applied-science tools at the Howard 
Hughes Medical Institute’s Janelia Farms cam-
pus in Ashburn, Virginia. The other entrant 
is a team led by George Church at the Wyss 
Institute at Harvard in Boston, Massachusetts. 

Grant Campany, senior director of the 
genomics X prize, hopes that other teams will 
step up to compete before the contest gets 
under way in September. Even if they don’t, 
scientists predict that its goals will be achieved 
within the next few years, whether through the 
prize or not. “If you could deliver that kind of 
performance you would have the commer-
cial advantage by a large margin over anyone 
else,” Harris says. “That commercial advan-
tage is worth way more than the X prize.” ■ SEE  
EDITORIAL P. 535

The X prize isn’t the last word on genomics 
competitions. Cheaper to solve than 
technology-based contests, bioinformatics 
challenges have proved hugely popular.

The Critical Assessment of Genome 
Interpretation experiment has seen the 
number of entrants rise every year since it 
was first held in 2010 (see go.nature.com/
dfclt1). And a US$1-million purse offered by 
the US Defense Threat Reduction Agency 
has spurred thousands of researchers to try 
to identify individual organisms from mixed 
pools of sequenced DNA.

Thousands of participants also competed 

in a bioinformatics challenge in April to find 
hidden sequences in DNA data sets (run 
by the journal Genome Biology and curated 
by Michael Schatz of Cold Spring Harbor 
Laboratory in New York and James Taylor 
of Emory University in Atlanta, Georgia). It 
was organized to  commemorate the sixtieth 
anniversary of the original research papers 
describing the structure of DNA. 

Now Grant Campany, senior director for 
the Archon Genomics X Prize, says that 
the X Prize Foundation itself is considering 
laying out another challenge aimed at 
genome interpretation. E.C.H.

O T H E R  C H A L L E N G E S
Popular bioinformatics

0

0.1

10,000

1,000

100

10

1

PLUMMETING COSTS
Advances in sequencing technologies have 
driven a sharp drop in price.
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