Evaluation Measures of ‘Marker Selection’ and
‘Genotype Membership’ in Large-Scale SNP Genotyping
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1 Introduction

Recently, Single Nucleotide Polymorphisms (SNPs) have been widely used as a new genetic marker
for gene mapping and association studies. In large-scale functional genomics projects, a large amount
of processing of SNP genotyping assays is required[4]. Most genotyping processes are implemented as
high-throughput systems. However, in present technologies the process of allele discrimination requires
subjective judgements by expert operators. Objective measures to evaluate genotyping results are
necessary for avoiding subjective biases. In this report, we propose two useful evaluation measures
for two dimensional fluorescent scatter plots of the TagMan assays[3], which are a popular technology
in SNP genotyping. They can be used in succeeding processes of genotyping. The first proposed
measure is the Marker Selection Measure (MSM) to choose SNP markers with good distributions
without depending on clustering results. The second proposed measure is the Individual Genotype
Membership Measure (IGMM) which utilizes the membership probability of each genotype to provide
beneficial information for gene mapping.

2 Method and Results
The first measure, MSM, quantifies the distance to an ideal distribution as SNP markers. First,
we normalize scatter data during pre-processing (Fig.1A). Next, nonlinear probabilistic distribution
of the scatter data is estimated by a Kernel method[1]. Then, the ideal probabilistic distribution
for the SNP marker is set(Fig.1C). The difference between the ideal distribution and the estimated
distribution of the scatter plot calculated by the multimodal overlap measure[2] is defined as the
MSM. The second measure, IGMM, is defined as the membership probabilities of genotype classes.
Currently, indistinct individuals remaining after allele discrimination are labelled 'unknown’ by expert
operators. The 'unknown’ individuals may indicate intermediate fluorescent values of two genotypes
or weak fluorescent values. The Mahalanobis distances for individuals based on genotype classes are
first obtained. The IGMM is then calculated as the membership probability based on the distribution
of squared Mahalanobis distances, which approximately follows the x? distribution. For convenience,
we defined the IGMM for four clusters by adding the negative control(NTC) of water, which indicates
low fluorescent values around zero.

We attempted two experiments for the proposed measures. Inbred lines of C57BL/6 and DBA /2
of M. musculus were used for individuals. Seventy-six SNP markers were selected over all mouse
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chromosomes. Each SNP marker had 384 data points, consisting of 376 individuals and 8 NTC points.
In the first experiment, we subjectively ordered 76 SNP markers by the criterion of good separation
and aggregation in the scatter plots. The Spearman correlation coefficient between the order by MSM
and subjective order was 0.43, which was highly significant(P=3.5x107%). Thus MSM could provide
a ranking of SNPs equivalent to subjective judgement. In the second experiment,we examined the
number of 'unknown’ individuals by applying IGMM. Fig.2A illustrates the scatter plot of D12SNP2
classified by an expert operator. The symbol x denotes an 'unknown’ individual. Three individuals on
the figure were sampled as #1, #2, #3. IGMMs for the three individuals were calculated as shown in
Fig.2B. All 'unknown’ individuals were re-labelled as one of genotypes except where the membership
probability of NTC was at a maximum. The total number of 'unknown’ individuals was reduced by a
mean value of 44% among the 76 SNPs.

3 Discussion

We proposed two useful measures of MSM in marker selection during the first process, and IGMM in
allele discrimination during the second process. The experiment results indicated the effectiveness of
MSM and IGMM. The silhouette measure[5] has been used for similar purposes. However, the silhou-
ette measure does not consider membership probabilities and cannot deal with unknown individuals
without forced assignment to a genotype class. IGMM can reduce the number of unknown individuals
while avoiding those problems. Our proposed measures would save operators from problems with allele
discrimination. In future works, incorporating IGMM into gene mapping to estimate chromosomal
locations of causal genes needs to be considered.
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