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Abstract: Microarray data includes tens of thousands of gene expressions simultaneously, so it can be 

effectively used in identifying the phenotypes of diseases. However, the retrieval of functional 

information from a large corpus of gene expression data is still a time-consuming task. In this paper, 

we propose an efficient method for identifying functional categories of differentially expressed genes 

from a micro-array experiment by using Gene Ontology (GO). Our method is as follows: (1) The 

expression data set is first filtered to include only genes with mean expression values that differ by at 

least 3-fold between the two groups. (2) The genes are then ranked based on the t-statistics. The 100 

most highly ranked genes are selected as informative genes. (3) The t-value of each informative gene is 

imposed as a score on the associated GO terms. High-scoring GO terms are then listed with their 

associated genes and represent the functional category information of the micro-array experiment. A 

system called HMDA (Hallym Micro-array Data analysis) is implemented on publicly available micro-

array data sets and validated. Our results were also compared with the original analysis. 
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1. Introduction 

 

By April 2003, the sequences of the 3 billion base pairs 

that make up the human DNA had been completely 

determined. However, the derived information about 

genomic sequences is insufficient to investigate the human 

life phenomenon, which is exceptionally complicated. 

Functional genomics, which focuses on investigating the 

function of the analyzed genome, has become an important 

research topic. DNA micro-array is one of the main 

experimental/analyzing tools used in functional genomics. 

Micro-array experiments enable scientists to obtain a 

tremendous amount of gene expression data at one time, so 

they are effectively used in identifying the phenotypes of 

diseases. However, the retrieval of functional information 

from a huge body of gene expression data remains a time-

consuming task. 

In this paper, we propose an efficient functional analysis 

system, HMDA (Hallym Microarray Data analysis), for 

micro-array data. It is based on a statistical analysis model 

and identifies the functional categories of differentially 

expressed genes from a micro-array experiment by using 

Gene Ontology (GO) [1]. HMDA correlates the micro-

array data as follows: it first extracts informative genes 

from the micro-array data. It uses a threefold filtering 

method and t-statistics, and selects the 100 highest-ranked 

genes. The threefold filtering method involves the 

assumption that the larger expression differences in micro-

array experiments imply only the meaningful genes. GO is 

then used to identify the functional categories of selected 

informative genes. A matching process between gene 

symbols and Probe Set IDs is required in order to search 

the GO. We have imported the MAD_SCHEMA provided 

by the NBN (National Bioinformatics Network) [2]. 

Our system has been validated on publicly available 

micro-array data sets. A dataset from the micro-array 

experiments described in reference [3] is used, and our 

functionally analyzed results were compared with the 

original analysis. 

 

 

2. Related Work 
 

2.1 Gene Ontology 
 

As data stored in each bio database is not independent 

but related to each other, a service which can show related 

data together is needed. For example, the proteins essential 

for maintaining life are not restricted to a single species but 

exist in multiple species. Gene Ontology (GO) was 

developed for consistent descriptions of gene products in 

different databases. GO is a large knowledge structure 

consisting of three branches: biological process, molecular 

function, and cellular component. Each branch is organized 

as a taxonomy of nodes (terms) representing different 

categories of genomic characteristics, connected by either 

is-a or has-part links. Recently, GO has become a typical 
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tool for gene expression data analysis. 
 

2.2 Previous Systems 
 

Though the early systems were only used for simple 

analyses of expression data [4,5,6], some tools have 

recently become available for the functional analysis of 

genes in broader areas [7,8,9]. These systems usually use 

GO as the biologically interoperable profile, and “GO-

Mapper [7]” and “Onto-Express [8]” are the representative 

systems. These systems, however, are mainly focused on 

the analysis of the sample data of each experiment and 

have a number of limitations [10]. 
 

 

3. Method 
 

The HMDA (Hallym Microarray Data Analysis) system 

consists of four functional modules: the “threefold filtering 

module”, the “t-test and ranking module”, the “GO 

mapping module”, and the “gene knowledge-base module”. 

Figure 1 shows the data analysis process of our system. 

 

Each module works as follows: 

(1) The threefold filtering module: After importing the 

micro-array data stored in a Microsoft Excel format, it 

filters only those genes with mean expression values that 

differ by at least threefold between the two groups (refer to 

formula 1). 

 

   (formula 1) 

 

(2) The t-test and ranking module: The t-test is used to 

verify whether the means of two groups are statistically 

different from each other. To consider the distribution of 

data in each group, the t-value is calculated by the formula 

2. Next, genes were ranked based on the t-value. In this 

system, the top 100-ranked genes were selected as the 

informative genes. 

 

 

 

Fig. 1. Data analysis process 

 

 

 

(formula 2) 

 

(3) The gene ontology mapping module: Informative genes 

are linked to GO terms and their functional information is 

retrieved as follows. The t-value of each informative gene 

is imposed as a score on the associated GO terms and all of 

its parental terms. After linking all genes to the GO terms, 

we calculate the significant value (SV) which represents a 

normalized score of a GO term. SV is calculated by 

formula 3. 

 

 

  (formula 3) 

 

 

 

 

 

Here, n and m denote the total number of informative 

genes and the number of informative genes related to the 

specific GO term, respectively. 

 

 
Fig. 2. Example of GO term scoring 

 

Table 1. Significant values of GO terms 
 

 Total Score SV 

GO: Term_A 7.1 1 

GO: Term_B 1.2 0.508 

GO: Term_C 5.9 1.25 

GO: Term_D 2.7 1.144 

 
Figure 2 shows an example. We assume that the three 

informative genes of Gene_b, Gene_c, and Gene_d are 

selected and have t-values of 1.2, 3.2, and 2.7 respectively. 

Each of these t-values is added as a score to the associated 

GO terms and all of its parental terms. The figure shows 

the total scores of each GO term. Each SV of the GO terms 

is given in Table 1. In this case, “GO:Term_C” with an SV 

of 1.25 and “GO:Term_D” with an SV of 1.144 can be 

listed as the representative functional categories. 
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Fig. 3. MAD (Micro-Array Data in NBN) schema 

 

(4) The gene knowledge-base module: For the purpose of 

matching between the gene symbol of GO and the “Probe 

Set ID” of micro-array data, we imported the MAD schema 

offered by the NBN of the TIGR (The Institute for 

Genomic Research) and established a Matching 

Information Knowledge-Base. Figure 3 shows the 

conceptual level of the MAD schema. In this system, we 

imported the “Clone”, “Gene”, “Prove”, and “Probe_source” 

tables. 

 

 

4. Results and Analysis 
 

In order to show the validity of the proposed method, 

our results were cross-checked with the analysis results 

described in reference [3]. The micro-array experiments in 

reference [3] were carried out using Affymetrix U95 

human gene arrays with 12,559 probe sets. They performed 

a comprehensive gene expression analysis of prostate 

cancer to identify genes with strong and uniform 

differential expression between non-recurrent primary 

prostate cancers and metastatic prostate cancers. 14 non-

recurrent primary prostate samples and 9 metastatic 

prostate cancers were evaluated. 

Figure 4 shows a part of the comparison results. Figure 

4-(a) represents the experimental results of reference [3]. 

The functional classification of this paper was conducted 

by the expert’s manual work. Figures 4-(b) and 4-(c) 

represent our results. Figures 4-(a) and 4-(b) show the 

extracted functional categories based on the differentially 

expressed genes. Here, circles and squares represent the 

gene symbols and functional categories, respectively. 

According to the comparison results, we see that our 

method extracts most of the functional categories which 

appeared in figure 4-(a). Here, ‘DEEPEST’ of figure 4-(a) 

and ‘SPAG5’ of figure 4-(b) represent the identical gene 

symbol. Also, the first column of each line in figure 4-(b) 

shows the rank of the extracted term, which can be applied 

in further analysis. Figure 4-(c) shows the terms with SV as 

a GO tree structure, enabling scientists to understand the 

hierarchical structure of the extracted terms. 

 

 

5. System Interface 
 

This system was developed using a tool of Visual 

Studio.net 2003. An importing module of micro-array data 

was implemented using a Microsoft JET OLEDB 4.0 

library, and a Gene Ontology Repository and Gene 

knowledge-base were built in with MySQL 5.0. 

Figure 5 shows a sample screen shot of the user interface 

of our system. The user can import a micro-array data set 

by clicking the “Open” button. Additionally, our system 

has the following function buttons and operates as follows. 

With the “3-Fold” button, it filters out the genes which 

have mean differences of more than threefold. Figure 5-(a) 

shows the Probe Set IDs of the extracted genes. With the 

“T-test” button, it then calculates the t-values of the current 

genes and ranks them. The results are shown in figure 5-(b). 

Fig. 4. Functional analysis results 
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With the “G_Symbol” button, it returns the gene symbols 

which correspond to the Probe Set IDs of the current genes. 

Figure 5-(c) shows the results. With the “R_term” button, it 

retrieves the terms which represent the functional 

categories of the related genes. The result is shown in 

figure 5-(d). With the “A-term” button, it shows the related 

gene list of each term, and the result is shown in figure 5-

(e). Also, the GO tree which represents the hierarchical 

structure of related terms is given in figure 5-(f). 

 

 

6. Conclusion and Future works 
 

The proposed method is based on a statistical analysis 

model and identifies the functional categories of 

differentially expressed genes by using GO. HMDA can 

perform a functional analysis of micro-array data which 

consists of two group samples. As a further study, we are 

investigating sophisticated techniques to analyze the 

multiple micro-array data results of the heterogeneous 

platform, data format, and normalization methods. 
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