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Abstract Single nucleotide polymorphisms (SNPs) are
increasingly becoming important in clinical settings as
useful genetic markers. For the evaluation of genetic risk
factors of multifactorial diseases, it is not sufficient to
focus on individual SNPs. It is preferable to evaluate
combinations of multiple markers, because it allows us
to examine the interactions between multiple factors. If
all the combinations possible were evaluated round-ro-
bin, the number of calculations would rapidly explode as
the number of markers analyzed increased. To overcome
this limitation, we devised the exact tree method based
on decision tree analysis and applied it to 14 SNP data
from 68 Japanese stroke patients and 189 healthy con-
trols. From the obtained tree models, we succeeded in
extracting multiple statistically significant combinations
that elevate the risk of stroke. From this result, we in-
ferred that this method would work more efficiently in
the whole genome study, which handles thousands of
genetic markers. This exploratory data mining method
will facilitate the extraction of combinations from large-
scale genetic data and provide a good foothold for fur-
ther verificatory research.
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Introduction

Biological researchers face an explosion of data arising
from human genome projects and recent high through-
put experiments. There are many traditional techniques
for analyzing data, including statistics and epidemio-
logical approaches. Data mining methods, however,
offer new approaches to data analysis by using tech-
niques based on machine learning that has been devel-
oped in research on artificial intelligence. These
techniques work by learning patterns in data, and then
sometimes discover new information overlooked by
conventional analyses.

The amount of single nucleotide polymorphism
(SNP) data as useful genetic polymorphism markers in
clinical settings has been increasing, because SNPs are
widespread and frequent in the human genome and high
throughput typing technology has become established.
To evaluate the risk of multifactorial diseases in detail,
the information of single polymorphism alone is insuf-
ficient. It is preferable to evaluate combinations of
multiple markers, since they reflect interactions between
multiple factors. If all the combinations were evaluated
round-robin, the amount of computation would easily
explode as the number of markers analyzed increased at
an exponential rate. To overcome this limitation, we
developed the exact tree method based on decision tree
analysis (Kass 1980), which we previously used and
evaluated in another epidemiological study (Miyaki
et al. 2002). The decision tree analysis is the popular
classification method in data mining algorithms. This
method evaluates all predictor variables and stratifies
the study population with the best variable to contrast
the high risk group and the low risk group as much as
possible. This process is repeated, and the obtained
“only one” tree, which is multiply stratified by best
variables, becomes an empirical rule for predicting the
class of an object form values of predictor variables.

On the other hand, the “exact tree” we devised aims
not for constructing the best classification model but for



