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Genome sequences reveal 
timeline of cancer development.

Since the Human Genome Project began 
20 years ago huge progress has been made to 
make sequencing technologies both cheaper 
and quicker. But an analysis of the sequences 
of two cancer genomes shows the obstacles 
that remain to be overcome to make these 
technologies even more useful.

The time and money saved by next-genera-
tion sequencing technologies — compared with 
the first-generation approaches used for the 
Human Genome Project — make it possible to 
sequence the genome of an individual’s cancer 
cells to identify all the mutations contributing 
to the cancer. But a drawback of the new tech-
nologies is that DNA sequences are obtained 
in snippets of only about 100 base pairs at a 
time, as opposed to the 500 or more that the 
first-generation methods can read in one go. So 
when a group of researchers from nine institu-
tions set out to sequence the genome of cancer 
cells from a patient with smoking-related lung 
cancer (see page 184) and from a patient with 
the skin cancer melanoma, related to ultravi-
olet-light exposure (see page 191), they had 
more puzzle pieces to put together to get the 
entire genome sequence. 

As a result, they had to sequence each genome 
30 times — rather than the 10 times that yield 
a high-quality sequence using first-generation 
technology — to make sure they had enough 
overlap among the pieces to ‘map’ their locations 
on chromosomes. “The smaller 
the fragment you have, the more 
ambiguity you have and the 
more difficult it is to map,” says 
Michael Stratton, a genomicist 
at the Wellcome Trust Sanger 
Institute in Hinxton, UK, who 
led the sequencing efforts and 
focused on analysing the melanoma genome. 
The group persevered by repeatedly tweaking 
the bioinformatics algorithms that picked or 
‘called’ each piece in the puzzle, says Stratton, 
analysing about 200 billion data points in total. 

However, getting the sequence data was only 
the first step. The authors then had to identify 
mutations that contributed to each cancer. To 
do so, they sequenced genomes of healthy cells 
from each individual and compared these with 
those of tumour cells to pin down the differ-
ences. Next, they identified all the mutations 
that were inherited but that probably did not 
contribute to the cancer, to find the final set that 
was likely to be involved in cancer. That, too, was 
complicated, because they had to look at several 
kinds of mutation, and identification of each 

type relied on a separate algorithm. Moreover, 
says Stratton, “each of those has its own issues in 
terms of calling the mutations successfully”. 

But the effort was worth it. The team identified 
more than 33,000 mutations in the melanoma 
and more than 23,000 in the lung cancer. The 
complete set reveals a timeline of how the DNA 
changed, with ‘letters’ dropping out, being added 
or being transposed — from long before cancer 
would have developed to a point associated with 
symptoms. Most surprisingly, says Stratton, is 
that the data provided evidence of the cells’ 
DNA-repair mechanisms fixing some of these 
mutations. “The results illustrate the power of a 
cancer-genome sequence as an archaeological 
excavation, revealing traces of the DNA damage, 
repair, mutation and selection processes that 
were operative years before the cancer became 
symptomatic,” he says. “We saw things in those 
two cancers that we’d never seen before: imprints 
of the DNA-repair machinery.”

Although sequencing individual cancer 
genomes is still too expensive and time-
consuming to be done routinely, says Peter 
Campbell, the Sanger genomicist who led the 
lung-cancer sequencing project, the effort is 

worthwhile because it will even-
tually improve cancer diagnosis 
by allowing clinicians to see 
mutations that lead to cancer 
before the disease takes hold. It 
will also allow them to monitor 
treatment progress by looking 
for signs that cancer-causing 

mutations have stopped occurring. “Defining 
recurrent mutations gives us leads into diag-
nostics and treatments as well as the underlying 
molecular mechanisms,” Campbell explains.

He also believes that sequencing technologies 
will continue to improve. When next-genera-
tion sequencing emerged, sequencing machines 
could identify only 25 base pairs at a time. That 
has risen to 100 and, Campbell says, will con-
tinue to increase as new machines appear. As 
this generation of sequencing improves and 
new types, such as single-molecule sequencing, 
come on board, the cost will go down and accu-
racy will go up. “There’s a real possibility that 
single-molecule sequencing will become a real-
ity. That will be a quantum leap in the amount of 
sequence we can generate,” he says.  ■

FIRST AUTHOR
A star system called 

Algol has been intriguing 

scientists for more than 

300 years. Initially, they 

were fascinated by its 

variable brightness — 

which was explained by the 

finding that it consists of two stars, the orbits 

of which eclipse each other when viewed from 

Earth. More recently, scientists have been 

keen to use Algol to learn more about the 

structure of stars’ magnetic fields, particularly 

as Algol’s is roughly 1,000 times stronger than 

that of the Sun. On page 207, Bill Peterson 

at the University of Iowa in Iowa City and his 

colleagues provide detailed images of Algol’s 

magnetic field, the first such images of a star 

other than the Sun. He tells Nature more.  

How did you study Algol?
At around 30 parsecs away, Algol is one of the 

closest, brightest, most active star systems 

we can observe. To study its magnetic field 

structure, we made observations using a 

global network of instruments spread across 

Earth’s Northern Hemisphere. 

How does Algol’s magnetic field compare 
with that of the Sun?
Electrons are drawn to, and follow, a star’s 

magnetic field. On the Sun, we’ve observed 

ephemeral loops of enhanced electron 

emission that often pop out because of 

heightened magnetic activity at the Sun’s 

poles. In Algol, one of the stars is more 

magnetically active than the other. We show 

that it has a single giant loop of excited 

electrons that stretches from its north to its 

south pole. We think this ramped up level of 

magnetic activity occurs because the less 

active star’s fast, three-day orbit effectively 

spins up the other star’s magnetic field.

What was the biggest challenge you faced? 
We measure very weak natural radio signals 

from space and turn those into radioimages. 

The most difficult part is superimposing the 

radioimage onto the optical image of the star. 

Because we had high-resolution radio data, 

we were able to track orbital movements 

more precisely than has been possible 

before, which helped us to determine 

with confidence the physical position and 

structure of the magnetic field. This in turn 

provides a new way to accurately determine 

the position of a star from its radioemissions. 

Will future arrays offer even greater 
resolution of Algol?
The Atacama Large Millimeter Array, which 

is under construction in Chile, will achieve 

higher resolution of radioemissions at higher 

frequencies, which will be good for looking 

at the evolution of galaxies. But Algol’s 

radioemissions are not as detectable at higher 

frequencies, so it will be hard to achieve higher 

resolution — at least in the near future. ■

“The results illustrate 
the power of a cancer 
genome sequence 
as an archaeological 
excavation.”
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