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Abstract. A genome-wide association analysis (GWAS) based on the research results, the local gene 

networks a preliminary establishment of susceptibility genes of type 2 diabetes mellitus, for future 

gene-gene interactions, provides reference for the research on gene environment interaction. 65 

candidate genes selected from the study by GWAS of susceptibility genes of type 2 Diabetes 

Association, it selects 2 or more pathways target genes from 27, and through the selection of 

screening, intermediate gene pathway, construct local gene network, and use Ai CS6 software to draw 

network diagram. It consists of the following steps: (1) building a network of basic information of 

genes and pathways obtained by the KEGG and Genecards database; (2) establish a primary gene 

network; (3) selecting the middle gene; (4) the gene level two connection; (5) construction and 

mapping network local gene network. A total of 1 genes including the gene and a number of 

intermediate genes, as well as a series of linked genes and intermediate molecules, were obtained. The 

network contains 20 biological pathways. Local gene network conclusion this study obtained a more 

intuitive and comprehensive display of beta cell dysfunction and insulin resistance in susceptible 

relationship between genes, which can provide reference for study of molecular pathogenesis of type 

2 diabetes in depth. 

Introduction 

Type 2 diabetes[1] is a complex disease etiology, involving a variety of risk factors, from the point of 

view of genetics, is the interaction of multiple minor genes cause disease, but each individual genes 

are not enough to completely explain the cause. Early studies based on candidate genes brought us 

some research results, based on genome-wide genetic variation within and then produce (mainly 

single nucleotide polymorphism) association analysis (GWAS), for complex diseases (such as 

diabetes, hypertension, coronary heart disease and obesity etc.) susceptibility gene is a new research. 

The tools and methods, the method can be used to detect multiple genes at a time, and do not need to 

establish a hypothesis, but the results cannot fully explain some causes, therefore still need other 

technical support, so that it can have a broader development space. Since the GWAS of type 2 

diabetes in 2007 the first since the world has carried out more than 30 studies found a series of 

susceptibility loci, mainly divided into insulin resistance and impaired beta cell function 2 

susceptibility loci, in addition, there is a considerable part of unknown function gene. SNP mutations 

at these loci may influence the incidence of diabetes. Since the beginning of the study of gene 

networks in 1960s, has now entered the stage of complex gene regulatory networks, and has become a 

hot research at home and abroad, there have been a variety of models have been established, in the 

field of medicine, in addition to carrying out a tumor in a series of gene regulatory network study, to 

study hypertension gene network, researchers also begin to explain the relationship between the use of 

a variety of diseases such as diabetes and coronary heart disease gene network, association etc.. The 

development of gene network technology makes the research of complex diseases gene regulatory 

networks become possible in the candidate gene, GWAS research methods of susceptibility genes on 

the basis of comprehensive research results, the use of network technology to carry out multi 

gene-gene association is a new strategy, to explore the causes of complex diseases at the molecular 
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level and the mechanism. In this study, based on the results of the GWAS study, we selected some of 

the susceptibility loci to construct a local gene network to further explore the pathogenesis of type 2 

diabetes[2]. 

Method and Gene Data 

Gene Data. To obtain the target genes are selected from 2007 up to now in the research of GWAS in 

type 2 diabetes with significant genes, a total of 65, according to the cause of diabetes mellitus, can be 

divided into impaired beta cell function (such as TCF7L2, HHEX, SLC30A8 and CDKN2A)[3], 

insulin resistance (such as IRS1, ADAMTS9, PTPRD and SPRY2) [4]and the function is no clear 

genes (such as ADCY5, HMGA2, DUSP9, AP3S2, PEPD and ANK1)[5]. Genetic and biological 

pathway data from KEGG (Kyoto Encyclopedia of Genes and Genomes, KEGG) database[6] 

(http://www.kegg.com/jp) and Genecards database[7] (http://www.genecards.org), path number and 

gene mapping to the KEGG database for. 

Methods. Gets the 65 target gene pathway information by KEGG database and Genecards 

database, the genes and pathways to collect information in the table, and does not involve the 

biological pathways involved only one of the genes to be discarded, for a total of 27 primary target 

genes. 27 target genes were selected to access finishing to the table, screening for each gene and each 

pathway pathway, will involve 2 or more than 2 genes were screened out, give priority to the other 

pathway, gene pathways involved in many genes, through these pathways are connected, and as a 

connection based on gene. The primary gene connection is a simple form of linking the target genes, 

and some of them are relatively independent. In the two gene connection, the target genes are further 

connected through the intermediate genes. The pathway target genes were involved in the further 

biological pathway map provided by KEGG database, the target gene tagging in KEGG pathway, in 

the center of the pathway genes play the key roles in the pathway, can be connected to other target 

genes and pathways. These genes were annotated, and the relationship between diabetes and diabetes 

was obtained through literature review. 

The phosphatidylinositol 3- kinase (phosphoinositide, 3-kinase, PI3K)[8]as an example, in the 

KEGG database, the PI3K gene is involved in 60 biological pathways, including PI3K-Akt[9] 

signaling pathway, Jak-STAT signaling pathway, TNF signaling pathway, insulin signaling pathway 

and type 2 diabetes[10], in a variety of metabolic processes were related to the expression of PI3K has 

correlation PI3K signaling pathway and glucose production, insulin secretion and signal transduction 

of literature reports, in the liver, PI3K signaling pathway mediated by glucose, PI3K signaling 

pathway is related to insulin sensitivity. Through the above process is often selected genes in various 

biological processes must be able to participate in the molecular biological pathway most, through the 

intermediate gene mediated to susceptibility genes connected. Intermediate gene selection is 

completed, respectively the encoding of the target gene, genes and pathways, the genes and pathways 

were involved in the pathway of axis list, gene tagging, in order to visually display the corresponding 

relationship between genes and pathways, and intuitive expression connections between genes. 

Because some genes are involved in multiple pathways, and there is some overlap between them, 

there may be a variety of connections between genes. Calculation of all connections, these 

connections can be expanded to establish a channel for connecting line, the gene network nodes, the 

network will be called two gene network, also known as the local gene network model of complex 

traits, many network only a tiny part of the accord with biological law. 

The path was expanded to the target gene and the intermediate gene as the framework, using 

Adobe Illustrator Cs6 software to draw network diagram. As for diabetes, impaired beta cell function 

and insulin resistance as the two basic ways to extend all the gene pathway, due to a variety of 

connections between genes, genes and their products we will choose is connected with diabetes is 

most relevant to the way into the line connection, other have connections, but direct connection there 

is no contact with diabetes, for example, many genes are associated with the occurrence of cancer, it 
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will no longer be considered. On the basis of KEGG's access database, the related pathways were 

developed, and all the genes, gene expression products and intermediate molecules were introduced. 

Results 

Through the preliminary screening of the target gene, the pathways involved, we obtain an initial 

target gene based on network connection diagram, as shown in Figure 1, the primary connection 

includes 27 genes, gene line numbers for involving KEGG numbers pathway, corresponding 

relationship between the number and the path table 1 shows. Among the 27 target genes, WFS1, 

UBE2E2, DUSP9 and RASGRP1 genes belong to 2 relatively isolated pathways: Protein processing 

endoplasmic reticulum (hsa04141) and MAPK signaling pathway (hsa04010). 

On the basis of the selection process of gene gene screening and above, a total of 27 target genes 

(G1-G27) and 10 (G28-G37) into the intermediate gene to construct local gene network, the number 

of target genes and pathways, corresponding relationship between the numbers shown in Table 1 and 

table 2. In 37 genes and 20 pathways as the basis, we construct a 2 gene network connection, as shown 

in Figure 2, the line between the 2 genes and expressed genes in the same pathway, does not represent 

the functional association between genes, the connection is just one of 1 forms of many connections. 

The purpose is all scattered in the gene set to the 1 network, so it is possible to network access is not 

real or not the most accurate, need to be further revised and improved, at the same time were 

compared and analyzed with other possible construction of local gene network access, to further 

confirm this or confirmed type 2 diabetes local gene network structure. The results can be seen from 

Fig. 1 as below: 

 

 
Figure 1.  The gene regulatory network of the type 2 diabetes 
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Summary 

To build a local gene network using the theory of molecular biology, may be able to explain the 

relationship between the target gene at the molecular level, however, such a way of building is still in 

the stage of theoretical exploration, limited to the author's knowledge level, the local gene network 

still has some shortcomings, it also needs the molecular epidemiology of experiments to test and 

verify, through animal experiments and molecular biology experiments, upregulation of the 

expression of certain genes, expression of other genes in order to observe the affected, to further 

define the relationship between each gene, the local gene network original modify, expand and 

improve, to explore the mechanism of the occurrence and development of complex diseases from the 

molecular level. 
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