
High hopes have been placed on the 
promise of genome-wide association 
studies in revealing the genetic com-
ponents of complex diseases. New 
research has brought the potential of 
such studies to the fore, identifying 
four novel loci that are associated 
with type 2 diabetes mellitus.  

Because of the well-established 
heritability of type 2 diabetes, the 
search for causative variants has 
been intense. Despite this, most of 
the variants implicated so far confer 
only a small proportion of the overall 
risk, the most convincing association 
being with a variant in the gene that 
encodes the transcription factor 
TCF7L2. 

Using high-density genotyping 
arrays, the authors took a two-stage 
approach to identifying other 
diabetes-associated variants. The 
first round tested 392,935 SNPs in 

Profiling cancer mutations aims at 
providing a molecular portrait of 
each individual tumour sample to aid 
clinicians in improving diagnosis and 
tailoring the best therapy to 
each patient. However, the road 
to the clinic is not free from hurdles 
because of the cost and complexity 
of identifying the mutations that 
contribute to each cancer. Two recent 
studies have made important steps 
towards resolving these problems.

Given that mutations in oncogenes 
do not occur randomly but are more 
frequent in certain regions, Levi 
Garraway and colleagues decided 
to focus on these regions, instead of 
scanning the entire genome of cancer 
cells. They applied a high-throughput 
genotyping technique to analyse the 
frequency and distribution of 238 
known mutations — which affect 
17 oncogenes — in 1,000 samples 
derived from 17 different tumour 

types. One important result is that this 
genotyping approach, which relies on 
mass spectrometry, provided mutation 
profiles that were sensitive and cost-
effective compared with the commonly 
used sequencing approach. Mutations 
were found in most of the oncogenes 
that were analysed and their frequency 
was consistent with previous reports. In 
addition, mutations were also found 
in tumour types in which they had not 
been reported previously, indicating 
that rare and potentially targetable 
mutations can be identified with this 
approach.

Another challenge is to delineate 
the complexity in cancer genomes. 
Cancer genomes carry two classes of 
mutations: ‘driver’ mutations, which 
are positively selected because 
they are essential for tumour growth 
and development, and ‘passenger’ 
mutations, which are not subject to 
selection because they don’t confer 

a growth advantage. So how can 
passenger mutations be identified 
and eventually ruled out from 
large-scale resequencing screens? 
Andrew Futreal, Michael Stratton 
and colleagues set out to survey 
the number and pattern of somatic 
mutations in 210 tumour samples of 
different origin and to establish their 
relevance to the tumorigenic process. 
They sequenced the coding exons of 
518 protein kinase genes, which are 
among the most commonly mutated 
genes in cancer, and identified over 
1,000 mutations. Mutational signatures 
varied widely between tumours 
depending on cellular origin, DNA-
repair ability and previous exposure to 
carcinogens. 

To discriminate between driver and 
passenger mutations, the authors 
annotated the 921 single-base 
substitutions that they identified 
as being either non-synonymous 
(changing an amino acid) or 
synonymous (having no effect on the 
protein sequence). They proposed 
that a higher ratio of non-synonymous 
to synonymous mutations, compared 
with that expected by chance, would 

a French case–control cohort in 
which subjects were limited to those 
with affected relatives and normal 
body mass index, to exclude obesity-
related risk alleles. This stage yielded 
59 SNPs with a strong association 
for the disease. The authors then 
homed in on the SNPs with the 
greatest risk association through a 
second round of analysis, this time 
using a larger cohort in which the 
inclusion criteria were relaxed to 
maximize the power of detecting an 
association. Following both stages of 
analysis, eight SNPs corresponding 
to five unique loci were identified 
as risk variants, with one of these 
loci confirming the known TCF7L2 
association. 

Of the seven previously unidenti-
fied SNPs, the most significant 
association corresponded to a non-
synonymous polymorphism in the 
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Beyond the usual suspects …the number 
of driver 
mutations was 
larger than 
previously 
anticipated … 
indicating that 
more cancer 
genes exist 
than just the 
usual suspects.
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indicating that more cancer genes 
exist than just the usual suspects.

Altogether, the approaches 
that these studies have described 
should open up opportunities 
for screening the most relevant 
mutations in tumours efficiently and 
cost-effectively.
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SLC30A8 gene, which encodes a zinc 
transporter that is expressed only in 
β-cells, and is therefore likely to be 
involved in insulin production. 
Two other SNPs were mapped to 
a linkage-disequilibrium block 
containing genes that encode 
insulin-degrading enzyme (IDE), 
the homeodomain protein HHEX, 
which is essential for hepatic and 
pancreatic development, and a 
kinesin-interacting factor, KIF11, 
although further study is required to 
pinpoint the variant that confers the 
risk. Less significantly associated loci 
contain genes in the hedgehog and 
WNT pathways, which have roles 
in pancreatic development and the 
regulation of insulin secretion.

For three of the four novel loci, 
the risk allele is the major allele, so 
their value for familial clustering and 
individual risk assessment is limited. 
However, the authors observed little 
epistasis between individual loci, 
suggesting that they, along with the 
TCF7L2 variant, could account for 
as much as 70% of the population-
attributable risk for type 2 diabetes. 

Interestingly, seven of the eight 
identified SNPs also represent the 
ancestral allele, supporting the idea 
that the adaptations of our ancestors 
might be detrimental in the modern 
environment, helping to explain the 
increasing prevalence of complex 
disease. 

These results could represent 
the first steps towards a greater 
understanding of the pleiotropic 
mechanisms behind type 2 diabetes, 
and further work with larger, more 
diverse cohorts is expected to 
uncover more risk-carrying alleles. 
No doubt, genome-wide studies into 
other complex diseases will offer up 
their own insights in the near future. 
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be the result of positive selection, and 
would therefore point to the presence 
of driver mutations. On this basis, 
763 mutations were classified as 
passenger mutations, suggesting 
that most of the mutations identified 
through cancer profiling are not 
implicated in cancer development, 
even when the screening focuses 
on a family of genes that are often 
mutated in cancer. At the same time, 
the number of driver mutations was 
larger than previously anticipated and, 
interestingly, most of the genes with 
driver mutations were not previously 
thought to be involved in tumorigenesis, 
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An ancient chordin-like gene in organizer formation 
of Hydra
Rentzsch, F. et al. Proc. Natl Acad. Sci. USA 104, 3249–3254 (2007)

Localized signalling centres — or organizers — establish 
polarity and cell fate in vertebrate development, but when 
during evolution did they first arise? The authors show that 
the function of the bone morphogenetic protein antagonist 
Chordin in zebrafish organizers can be substituted by an 
orthologous protein from the freshwater polyp Hydra. 
Expression of the chordin orthologue is upregulated during 
regenerative growth in Hydra, suggesting that it has a similar 
role to that in vertebrates and therefore that organizers arose 
long before the origin of vertebrates.
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Multiple-pathway analysis of double strand break 
mutations in Drosophila
Johnson-Schlitz, D. M., Flores, C. & Engels, W. R. PLoS Genet. 21 February 
2007 (doi:10.1371/journal.pgen.0030050.eor)

Several pathways can repair double-strand breaks, but how 
do they interact with each other? The authors measured the 
usage of these pathways in fruitflies that were mutant for 
11 components of different pathways. In most cases, defects 
were compensated by increased use of another pathway, but 
the choice of the substituting pathway depended on which 
component was mutated. On the basis of these quantitative 
results, the authors propose a decision circuit by which the cell 
chooses a repair mechanism for each break.
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Specificity and evolvability in eukaryotic protein 
interaction networks
Beltrao, P. & Serrano, L. PLoS Comput. Biol. 3, e25 (2007)

Differences between species can be understood at the level of 
protein interaction maps. The authors therefore measured the 
rates at which protein interactions have changed in yeast, worms, 
flies and humans. The overall rate — 10,000 changes every 
million years in humans — is in itself informative, but there is also 
interesting variation between types of interaction. Interactions 
between proteins encoded by duplicated genes, proteins and 
smaller peptides, proteins that interact with many other proteins, 
and immune proteins, have evolved more rapidly, so these 
interactions are expected to differ more between species.
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Parallel evolution of conserved non-coding elements 
that target a common set of developmental regulatory 
genes from worms to humans
Vavouri, T. et al. Genome Biol. 8, R15 (2007)

Developmental genes in vertebrates are often associated with 
conserved non-coding elements (CNEs) that are thought to be 
transcriptional enhancers, but homologous sequences have 
not been found in invertebrates. Instead, the authors showed 
that nematode species have a completely independent, non-
homologous set of CNEs. Strikingly, despite no sequence similarity 
between vertebrate and invertebrate CNEs, they are often 
associated with the same genes, implying that they have evolved 
convergently to regulate the same developmental networks. 
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