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Abstract

In this paper, we propose new missing imputation methods for the missing genotype data of single nucleotide polymor-
phism (SNP). The common objective of imputation methods is to minimize the loss of information caused by experimental
missing elements. In general, imputation of missing genotype data has used a major allele method, but this approach is not
far from the objective of the imputation – minimizing the loss of information. This method generally produces high error
rates of missing value estimation, since the characteristics of the genotype data are not considered over the structure of
given genotype data. In our methods, we use the linkage disequilibrium and haplotype information for the missing
SNP genotype. As a result, we provide the results of the comparative evaluation of our methods and major allele impu-
tation method according to the various randomized missing rates.
� 2006 Elsevier Inc. All rights reserved.
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1. Introduction

The most significant development to date in the molecular study of disease genetics has emerged from the
availability of the human genome sequence. This data provided the template from which to generate extensive
amounts of information on single nucleotide variants. Several important advantages emerge from the avail-
ability of such single nucleotide polymorphisms (SNPs). These are by far the commonest form of polymor-
phism within the genome. These variants will account for the vast majority of polymorphism responsible
for human disease. The variation occurs in both coding and non-coding sequences at a frequency of approx-
imately 1 per 1000 base pairs [2].
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SNPs are of interest for a variety of reasons. First, a SNP, particularly when found in a functional gene
region, may itself encode differences in protein form and expression, which in turn lead to disease and other,
often subtler, phenotypic differences. Second, SNPs may mark or track the presence of other, perhaps less eas-
ily detected and processed, genetic differences that cause phenotypes of interest. Last, they are useful in study-
ing mutation rates and evolutionary history [13].

Almost all of experimental data contain missing elements. When the data containing missing elements are
analyzed, we may eliminate the elements which have missing values, or estimate them using other given infor-
mation. The former is called as ‘‘filtering’’ and the latter is called as ‘‘imputation’’. This kind of missing values
in experimental data is a common phenomenon in not only medicine and health which manipulate clinical
data but also molecular biology [10]. Genotype data for SNPs which are kind of biological or clinical exper-
imental data have also many experimental missing values. This hinders that we cannot rely on the result of
further SNP analysis, like as disease association.

Table 1 shows the missing rate for the genotype data of the international HapMap project from chromo-
some I to XXII. Fig. 1 shows an example of the genotype data of the international HapMap Project. First
column represents the sample ID, and first row denotes SNP site ID [15]. In Fig. 1, allele pair like as GG or
AA is called homozygote and allele pair like as AG is called heterozygote.

Table 2 shows the missing rate in duplicate experiments. Surprisingly the missing rate in duplicate is
23.11%, which is very high probability even though these are duplicate experiments. This means that the

Table 1
The missing rate for genotype data from the international HapMap project (only chromosome from I to XXII)

Number of genotypes 33,151,320
Number of missing genotype 382,428
Missing rate (%) 1.15

Fig. 1. An example for the genotype data of the international HapMap Project [15].

Table 2
The missing rate for duplicate experiments from the international HapMap project (only chromosome from I to XXII)

Original experiment Duplicate Number of genotypes

Missing Missing 7344
Missing Success 24,434

Missing rate (%) 23.11
Success rate (%) 76.89
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