Mapping SNP association results into type 2 DM Pathways
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Abstract
We have mapped the results of large-scale search of SNPs for type 2 DM susceptibility genes in a Japanese population into a molecular interaction map for metabolic syndrome. This computer readable mapping may result in important insights in the ongoing endeavor to understand the complex web of SNPs and gene interactions in metabolic syndrome.

1. Introduction
 Type 2 Diabetes, a major manifestation of the metabolic syndrome, is a complex common disease which is caused by multiple environmental and genetic factors. Although the discovering of causative genes of type 2 Diabetes by searching SNPs has been increasing in world wide popularity, the systematic understanding how the disease phenotype can result from the combined action of many genes is a big challenge in human genetics [1]. A better understanding of the molecular interactions integrated with SNP association research will probably enhance our ability to make accurate genotype-based disease prediction. For this purpose, we have mapped the large-scale search of SNPs associations for type 2 DM into a molecular interaction map for metabolic syndrome. From systems biology perspective, metabolic syndrome is viewed as breakdowns of robust maintenance of glucose homeostasis and buffering [2][3]. Introducing system biology perspective into SNP association research may give us new insights on human genetics and biological data mining. In this paper, we describe our current works on this challenge.

2.  Method
SNP and haplotype association database on Type 2 diabetes
Semi-genome wide Case Control SNP association study on Type 2 diabetes using 376 Japanese populations (DM: 72, IGT: 75, NGT: 129) was reported in our previous study [4]. In this study, we examined 1964 SNPs (983 genes) including literally well-known cytokine, immune, signal transmission, and glucose metabolism related genes, screening 33 DM associated SNPs (29 genes). The results of statistical analysis for all SNPs and estimated haplotypes are visually integrated with public genome annotations in our database [5]. Our statistical analysis assigns each SNP and haplotype with asymptotic p-value, empirical p-value, OR and 95%CI using Monte Carlo simulation and Fisher exact test.
Molecular interaction map in Type 2 diabetes
 We use the detailed interaction map for adipocyte, and pancreatic B-cell in the metabolic syndrome provided by Systems Biology Institute in Japan [2][6]. This map describes most interactions of metabolic syndrome created from published literature, and it is available in a standard model representation format known as Systems Biology Mark-up Language (SBML) with diagrams created using CellDesigner [6]. This tool provides a graphical notation for biochemical networks which helps us to understand the biological circuits like VLSI electronic circuits.
Mapping SNPs association into interaction Map
We integrated the DM pathway information and SNP associations into XML based computer readable forms. This mapping visually gives us the biological insights on DM mechanism as the glucose regulatory system, and it provides knowledge representations for advanced data mining. Current annotations of the mapping in B-cell include 387 biological nodes (Genes and molecules) each of which has descriptions of SNPs, analyzed p-value, haplotype block, reported pathways and other information, and it is continually updated. Since disease associated SNPs are usually difficult to explain their biological functions, integrating with molecular interaction map is important means for understanding the disease mechanism. 
Data Mining using SNP associations with interaction Maps

Since Type 2 diabetes is a complex multi-factorial disease, detecting gene-gene interaction is an important challenge. While some new computational methods for detecting gene-gene interactions from SNP and clinical data sets have recently been proposed [7][8], their results are still controversial [9]. Since the results obtained from analyses of epistasis are usually difficult to explain, our interaction map with SNP annotation may be useful tools for validating and interpreting such controversial results. We have currently tested three epistasis analyses; multi-locus combination tests [9], group testing [8] and MDR (multifactor dimensionality reduction) [7] on type 2 Diabetes.  Although our epistasis analyses are still in preliminary stage, some interesting but controversial results have been discovered. 
3.  Results
We created disease model of type 2 diabetes by mapping SNP associations into molecular interaction maps of metabolic syndrome. Figure 1 shows an example of the mapping in B-cell metabolic pathways. Yellow stars represent the genes which include statistically significant SNP associations (p<0.01). Six nodes are highlighted in this figure. Detailed information on single SNP and haplotype analyses is available for each graphical node with computer readable forms. Disease associated genes in Figure 1 include TNF, SUR1 (ABCC8), well known susceptibility genes of type 2 diabetes. SUR1 is the target gene of the type 2 DM drug named SULFONYLUREA which helps to improve the hyposecretion of the Insulin in the pancreatic B-cells. TNF is also major player in type 2 DM leading to insulin resistance. These examples illustrate how mapping SNP associations into the metabolic syndrome pathways help us to evaluate the biological validity of the statistical analyses and interpret biological meanings of controversial statistical results.

We also applied gene-gene interaction tests in our data sets. First we tested the two-locus combination tests for well known SNP sites. Although we detected low p-values on some combinations, we did not observe strong evidence of interaction between SNPs after Bonferronni correction. Second, we tested MDR by Moore [7], however, the results are still controversial and not validated. Third, we applied group testing [8] which is originally developed for microarray analysis, which did not observe any evidence of interactions within the specified gene groups. Although current epigenetic analyses for complex common disease are still controversial, integrating SNP associations with metabolic pathway information may be important tools for evaluating these data mining methods.

4.  Discussion and Future Work
Our computer readable mapping of SNPs associations with molecular pathways may result in important insights in understanding the complex web of SNPs and gene interactions in metabolic syndrome. We found that some significantly associated SNPs can be located on the well known metabolic syndrome pathways. However, some of the SNPs associations and gene-gene interactions could not be validated by the current metabolic syndrome pathways. Since there may be many unknown published pathways, we might have discovered true associations or interactions in type 2 diabetes. However, we currently could not have systematic method to distinguish false-positive associations and true-associations. However, system based understanding of metabolic syndrome could give us important insights in the validation and interpretation of the SNP association study.  We plan to continue to update our current mapping. Integrating quantitative data of microarray experiments will be our next step.
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