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Large Scale SNP Association Studies: The Importance of Databases

Single nucleotide polymorphisms (SNPs) account for the majority of DNA
sequence variation in humans *. SNPs are defined as a “stable substitution of a single
base with a frequency of more than 1% in at least one population” . Recently completed
work on SNP analysis of chromosome 21 has yielded researchers a clue to the topology
of SNPs found within the human genome®*. Research is moving now towards doing
large-scale genotyping of individuals, in order to associate SNPs with certain disease
phenotypes. Bioinformatics tools will be absolutely necessary in order to make these
studies meaningful. The most important aspect of which will be designing databases that
are capable of handling this load of information in a manner beneficial to researchers.

SNPs are found throughout the human genome, in both coding and non-coding
regions. The methods for detecting and discovering SNPs in a population are varied
including sequencing, use of microarray technology, PCR assays such as TagMan and
Invader, and mass spectrometry °. Large scale SNP discovery has been undertaken by a
group comprising of private companies and the public Human Genome Project under the
name The SNP Consortium (TSC). Private companies such as Celera have gone out on
their own to discover SNPs. All these efforts have created databases to make the
information more manageable. In the public databases there is in the range of around two
million SNPs °. On NCBI, db-SNP (http://www.ncbi.nIm.nih.gov/SNP/) provides
researchers with a wealth of information on a given SNP, such as where it is in the human

genome, what gene it is in, the method it was detected by, and links to more information
on the region of interest.

db-SNP has provided researchers on a small scale a place to begin to try to
associate SNPs with diseases. Association studies have been done on APOA genes’,
genes related to narcolepsy® and the Tau gene in relation to Parkinson disease® to name a
few. The goal is to find SNPs that might cause a disease, influence the chance of

developing a disease, and/or that could alter a person’s response to a treatment, mostly to



a certain drug®. Through these smaller scale studies only a handful of meaningful SNPs
have been found?.

In order to help speed up the process of associating SNPs with certain phenotypes
more genes need to be analyzed at any given time. For complex diseases such as those
related to heart disease, association studies are needed in order to distinguish meaningful
SNPs, which requires large sample sizes. Projects undertaking large-scale (i.e.
examining multiple genes) association studies therefore will generate and collect volumes
of data that must be correlated together in an efficient manner. This is where the next
generation of SNP relational databases will come into play.

At Stanford University, one such a large scale project, the Reynolds Project™, is
underway to understand atherosclerosis and in particular the role vascular genes play in
the disease. The number of such genes is still unknown and a multitude of other factors
play a role in the disease such as genes related to lipid metabolism and environmental
factors like diet and exercise. Atherosclerosis is therefore a complex disease that requires
large numbers of diseased and non-diseased individuals to be studied on a clinical
epidemiological and genetic level in order to correlate genetic variation with phenotype
changes in a statistically meaningful manner. The key in such a project is properly
organizing and inputting the data generated to allow for such correlations.

For the Reynolds Project this is no small task given the amount of data that is to
be obtained. The project is subdivided making it easier to develop a database system.
First candidate genes must be identified and selected. To do this different cell types are
stimulated by a series of conditions that mimic the disease etiology in order to isolate
genes differentially expressed which then will be cloned, in the end creating a library of
potential genes related to the disease including novel genes. The library enables them to
spot the genes on glass slides for microarray analysis of RNA from the vascular walls of
diseased and healthy individuals; in the process, select candidate genes for future study.
The first part of the project requires a database table of the various cell types, what was
expressed under certain conditions, and what genes were detected. It also then requires a
table of the array information. The tables being linked by the gene names.

The second part of the project involves taking the candidate genes found and

determining if there are any SNPs within the gene in the human population and to select



certain SNPs for genotyping. This is done in silico, searching the public SNP databases,
and by designing primers to sequence the gene from a small set of individuals. From
there genotyping is done on the populations in the association study. This requires a table
that indicate how the SNP was obtained, from outside sources or in-house sequencing,
what the variation is, and the flanking sequence/position within the human genome and
another table indicating the genotypes of each individual in the study for each SNP. The
particular SNPs being the key to transverse the two tables. The third part of the project
involves collecting the DNA samples from the individuals and collecting their complete
medical histories in a tabulated format.

The Reynolds Project has a grant of $24 million over a four year period.
Obtaining accurate results is imperative. Inaccurate data entry can totally void
correlations drawn from CART algorithms and related k-means clustering adaptations™.
The properly designed database can minimize these problems. Each subset of the project
can have its own interface to enter data into forms that makes it as easy as possible and to
create subset specific reports to monitor progress. The links, within and between the
subsets, also play a vital role. The candidate gene selection subset is linked to the
genotyping through the gene names and the genotyping to the clinical through the
individuals. This allows reports to be made across the subsets allowing for the
correlations to be made between the genetic and the clinical data. The Reynolds Project
is well on its way of doing this through a Sybase database that will be accessible through
web browser software, with the aim down the line to open the information up to other
research groups to carry out follow up studies and experiments.

Large-scale association studies of SNPs to disease will require databases
containing far greater and more accurate information than is currently within SNP
databases at the moment, as seen by the Reynolds Project at Stanford, as the genetic
information is connected to clinical data. The failure to develop these databases in such a
manner that the data within them is properly linked and in an easy to use fashion will
have dire consequences. Improper data entry or missed links between the various fields
will either cause incorrect correlations to be made or prevent clinically useful ones from

being seen and developed further.
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