
Lasers scan dozens of chips to 
measure the intensity of fluorescence 
in each of the chip’s cells.

Information is digitized and analyzed 
with statistical applications.

8

They inject it 
inside of a 
GeneChip® 
containing 
500,000 SNPs.

GeneChips® are silica- 
based wafers arrayed 
with DNA sequences 
of 500,000 SNPs. 
Wafer is encased in a 
plastic cartridge for 
easy handling.

Then they put the 
chips in 
hybridization 
ovens where the 
DNA sticks to 
matching sequences 
on the GeneChips.

They stain the chips 
with a fluorescent 
dye that adheres to 
the DNA labelled 
with biotin.
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Comparing SNPs patterns of 
healthy and sick patients, 
scientists can identify genetic 
variations within genes that 
may play a role in the disease 
and refine their investigation. 
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According to 
Affymetrix, 
processing 
each sample
costs $250 

Control bar code

GENECHIP®

When labelled DNA finds its 
matching sequence, it 
sticks to it. The fluorescent 
dye lights up where a 
match occurs.

Sample DNA 
sequence

They separate the 
double-stranded 
DNA into individual 
strands.

They amplify 
the SNPs to 
make enough 
of it to 
study...

...and label it 
with a 
substance 
called biotin

AARON ATENCIO, JAVIER ZARRACINA /GLOBE STAFFSOURCES: Dr. David Altshuler and Nicole Davis, Broad Institute; Affymetrix.

2 They extract the DNA from the blood samples and 
cut it into usable pieces.
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4
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HYBRIDIZATION 
TO MICROARRAY

Microarray 
cell

Complementary 
probe sequence

(Actual size)

Diabetes group Control group

Fluidics 
station

Hybridization 
ovens

Gene-arrays 
scanner

Microarray

Biotin

1 Researchers take blood samples from 1,500 patients with diabetes and 1,500 healthy people to use as a comparison.

THE HUNT FOR A DIABETES GENE
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The four bases 
make up DNA 
sequence

Coiled
DNA

Human cell

Nucleus
Contains
genome

DNA 
double 
helix

Genes

The slight variations in our genomes 
are called single nucleotide polymorphisms, or 
SNPs. Scientists estimate that there are more than 
10 million locations in the genome where SNPs 
occur in humans. It is these small variations that 
contribute to individual differences, such as a 
disease or response to a drug.

SNPs

DNA

Chromosome

contain
instructions for

making proteins, 
which perform

many cellular 
functions.
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100
Suspect genes 
identified through 
the genome-wide 
association process, 
which scientists 
then narrow down 
to a handful that are 
most likely suspects

3,000,000,000
base pairs in the 
human genome

3 million
SNPs are 
what dist- 
inguish one 
person 
from 
another

500,000 
SNPs 
provide a 
decent 
snapshot of 
the genetic 
differences 
among 
humans 

The DNA sequence in every human is 99.9 percent 
identical to that of every other human. Hereditary 
instructions of genes are “written” in four-letter code: 
the nucleotide bases adenine (A), guanine (G), 
cytosine (C), and thymine (T). These combine into 
the base pairs AT, TA, GC, and CG, which form a 
structure that looks like a ‘twisted rope ladder.’

Variation in 
sequence: 
A replaces T 

3,000,000,000
base pairs in the 
human genome

THE BIG PICTURE

To identify genes that cause disease, scientists  
winnow down the options – to find a small 
number of suspect genes from among billions of 
base pairs. Here’s a breakdown by the numbers:
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As a computer scientist, Timothy Bickmore would not be ex-
pected to concern himself with making sure that schizophrenics
take their medications or the elderly get enough exercise. 

But that’s where Laura comes in. 
Laura, a computer-generated character, raises and knits her

eyebrows, nods her head ever so gently, and almost seems to
sigh as she commiserates with a patient over how challenging it
is to remember to take pills or get out for a walk. A virtual health
coach, she asks questions of patients and responds empatheti-
cally and encouragingly to their answers. 

Bickmore’s creation of Laura puts this Northeastern Univer-
sity professor at the forefront of growing attempts to build tech-
nology to help people stick to health regimens and increase the
flow of information between healthcare providers and patients.
The healthcare industry may soon turn to programs like Bick-
more’s — which is still in the research phase — to augment the
personalized attention patients get. 

With an aging population of baby boomers and not enough
healthcare professionals to meet their needs, virtual coaches 

‘Laura’ makes digital health coaching personal

‘‘Laura,’’ a computer-generated character, has been shown helpful as a health coach by
gently reminding patients via computer or PDA to take their pills or go for walks. LAURA, Page C2

M
edical research is undergoing a
sea change in its approach to
linking genes to disease. Instead
of hunting individual mutant
genes — a painstaking, expensive
process — researchers are more
often turning to a bold, comput-

er-driven technique that allows for fast, cheap scan-
ning of vast regions of DNA for anomalies that can
make people more susceptible to a disease or even di-
rectly trigger illness. It’s not a diagnostic tool yet, but
so-called ‘‘genome-wide association’’ research has ov-
er the past months produced dramatic results linking
hitherto unexplored patches of genetic terrain with
such common killers as heart disease and diabetes.

‘‘We used to hold a single lamp’’ over a suspicious
gene, said Dr. Francis S. Collins, director of the Na-
tional Human Genome Research Institute. ‘‘Now
we’re able to light a whole street and survey the entire

genome.’’
The discoveries are the fruit of two huge projects

completed in this decade, the mapping of the human
genome — which showed just how similar human be-
ings are, with each of us carrying DNA that is 99.9
percent identical — and, just as significant, the map-
ping of human genetic variation, completed in 2005.

The regions of variation, although small relative to
the rest of the genome, carry 10 million snippets of
genetic material that vary from individual to individ-
ual.

These sections, known as single nucleotide poly-
morphisms, or SNPs (pronounced ‘‘snips’’), cause
such happy traits as green eyes or red hair. But they
also are lairs for disease.

In a discovery announced last month by the Broad
Institute of Harvard and MIT, researchers used SNPs
technology to identify genetic variations linked to the
most common form of diabetes. That was a major ad-

vance in uncovering the genetic origins of disease be-
cause the defects occurred in areas of ‘‘junk DNA’’
long dismissed as meaningless, according to Dr. Da-
vid Altshuler, professor of medicine at Harvard and
leader of the Broad research team. 

The discoveries were possible only because of a
powerful technique that uses thumbnail-sized ‘‘chips’’
smeared with DNA. Each chip can carry up to half a
million SNPs, allowing researchers to scan huge
swaths of an individual’s DNA in seconds, at small
cost. Scan results, in turn, can be quickly compared
with SNP chips containing genetic material from tens
of thousands of other individuals.

So, by comparing DNA from thousands of people
with heart disease or diabetes, say, with DNA from
healthy individuals, researchers can rapidly discover
genetic variances common to those with the disease
and absent from those with no illness.

COLIN NICKERSON

Gene quest
Clues to disease culled from 3 billion bits of DNA
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