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GlaxoSmithKline. These consist of about
42,000 SNP positions spread across the
genome. Customers can buy them in
localized pieces or they can run all 42,000
across their samples to get a broader
association study.

The full monty
“The biggest problem is picking the right
genes — it’s a bit like playing the lottery,”
says Brad Margus, chief executive at
Perlegen Sciences of Mountain View,
California. “The other problem is that even
if you find one gene associated with the
disease, it may only account for 2% of the
disease, so it can be very frustrating.”

Whole-genome association studies that
identify a set of SNPs linked with a disease
are the obvious solution, but only a couple
of years ago the cost would have been
prohibitive. Today, Perlegen performs
whole-genome studies at prices that few
could have predicted. “Our people have
devised a way to look at the entire genome
at very high resolution,” says Margus.

Formed in 2000 as an affiliate of DNA-
microarray manufacturer Affymetrix in
Santa Clara, California, Perlegen has taken
the Affymetrix chip and shrunk the
features to produce a glass wafer that holds
about 60 million DNA probes — in
contrast to the 500,000 of a standard
Affymetrix array. In addition, Perlegen has
developed more than 242,000 different
PCR assays that amplify the entire genome.

Compared with the few hundred bases
usually amplified in conventional PCR
reactions, the long-range assays average
about 10,000 bases a time. These
innovations, coupled with new high-
resolution scanners, give a system that 
has allowed Perlegen to sequence the 
non-repeat regions of 50 haploid human
genomes fully in just 15 months.

“Humans are very similar, so instead of
looking at 3 billion bases in people who
have a disease and those who don’t, we
sequenced 50 complete haploid genomes,
which yielded 1.7 million SNPs,” Margus
explains. “We then designed SNP-reading
oligonucleotide arrays to genotype those 1.7
million SNPs.” With the Perlegen platform,
the cost of genotyping these SNPs in 1,000
people is roughly $2 million.

Lab in a tube
For academic researchers on a more modest
budget, genotyping options are also 
opening up. ParAllele BioScience of South
San Francisco, California, has developed 
a single-tube, amplification-based
methodology, which it claims can detect up
to 8,000 SNPs simultaneously. “You have
one tube with 8,000 of these probes and you
just add genomic DNA,” says Tom Willis,
ParAllele’s chief executive. “The magic
happens because we use a pool of molecular
‘inversion probes’ that target thousands of
different SNPs in that one patient’s DNA.”

ParAllele’s inversion probes are

insensitive to cross-reactions — often the
limiting factor in highly multiplexed PCR
reactions. The probes are incubated with
the DNA (only 0.1 ng DNA per SNP is
needed) and then all those that have bound
are simultaneously targeted by a standard
PCR reaction, using a common primer.
“It’s genotyping first and then amplifying
all the SNPs at once,” says Willis. The read-
out signal is provided when the probe
interacts with the genome and rearranges
itself to create an amplifiable molecule.
Once the assay is performed, the PCR
products are loaded onto any chip
platform for detection.

ParAllele claims that its technology
achieves comprehensive coverage of the
genome, or sections of the genome, at
affordable prices, by reducing the millions
of individual screening reactions typically

HAPLOTYPES OR POOLS?

As the Human Genome Project winds down, many researchers are stepping
over into the next international public endeavour, the haplotype map project,
or HapMap. This US$100-million initiative was launched in October 2002 by
the US National Human Genome Research Institute to provide the tools that
will speed up the discovery of genetic factors that contribute to common
conditions such as diabetes and heart disease. The results will be made
quickly and freely available on the Internet.

Along the genome, certain combinations 
of alleles at nearby SNP sites have remained
unchanged over many generations and are
inherited together as halotypes. The aim of
HapMap is to build a genome map of these
haplotype blocks from different ethnic groups,
mainly from China, Japan, Nigeria and 
northern Europe.

Labs in Canada, China, Japan, the United
Kingdom and the United States will be involved.
“The goal of the project is to validate SNPs across
the entire genome and build tools to enable
association studies, to compare genetic markers
in people who have a disease with markers in a
control population,” says Panos Deloukas, senior
group leader at the human genetics department 
at the Wellcome Trust Sanger Institute near

Cambridge, UK. The HapMap, set up as an international public–private research
consortium, is expected to take three years to complete.

Why bother with a HapMap when whole-genome scanning technologies
already exist? “With the technologies we have now, scanning the whole
genome gene by gene is very costly. Scanning the genome haplotype 
by haplotype would be 5% of the cost,” points out Julio Licinio at the

pharmacogenomics lab of the University of
California, Los Angeles.

An alternative way of reducing the costs of
whole-genome scanning has just been launched
by the discovery-genetics company Sequenom
in San Diego, California. Its Allelotyping
technology uses high-resolution MALDI–TOF
(matrix-assisted laser desorption/
ionization–time-of-flight) mass spectrometry to
analyse the frequency of a SNP allele in large
DNA pools of up to 500 individual samples. Only
50 picograms of DNA from each individual are
required, and allelic frequencies as low as 3%
can be detected. “Our customers can afford to
do whole-genome scans today, because whole-
genome scans are affordable on pools but not
on individuals,” says Charles Cantor, chief
scientific officer at Sequenom. L.M.

snp genotyping technology feature

Perlegen’s chip holds 60 million
probes.

Panos Deloukas: mapping SNP haplotypes.
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