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1 Introduction 
 
Complete genome sequences of many organisms have been determined, and the functional analysis of genes 
is the subject of intensive research. Essential genes, which are necessary for the survival of organisms, have 
been studies for several organisms such as bacteria and yeast. Since these genes are absolutely necessary to 
sustain cellular life, their function must be distinct from others. It is interesting to examine the relationship 
among functional, evolutionary and other properties of these genes, and to clarify the common features 
among them. ORI-GENE is a computer tool we developed before [1] to classify genes and infer their 
function by combining the result of homology search (e.g. BLAST) and the phylogenetic analysis. In this 
study, we carried out the phylogenetic analysis of essential genes by using ORI-GENE and attempt to clarify 
the phylogenetic relation and the origin of these genes. 
 
2 Method and Results 
 
We used ORI-GENE for the phylogenetic analysis of essential genes. ORI-GENE identifies the species of 
genes from a result of homology search (e.g., BLAST), and it displays the distribution patterns of the genes 
on the phylogenetic tree (Fig. 1a). In addition, ORI-GENE predicts the origin of the genes from the 
distribution pattern, and classifies them based on their origin (Fig. 1b). Thus, this tool enables us to extract 
more biological information than homology search alone. 
 

 

 

 

 

 

 

 

 

 

 

 

                         (a)                                     (b) 
Figure 1: Gene distribution on the phylogenetic tree (a) and gene cluster based on the origin of genes (b). 

 
In this study, we analyzed the phylogenetic profile of essential genes of Saccharomyces cerevisiae. The 

dataset of essential genes was obtained from DEG: Database of Essential Gene (http://tubic.tju.edu.cn/deg/) 
[2]. DEG is a database which contains information on essential genes of several organisms currently 



available. For the reference purpose, we also analyzed non-essential genes. For the dataset of non-essential 
genes, we used those genes annotated as non-essential by SGD: Saccharomyces Genome Database [3]. We 
performed homology search using BLAST for essential genes and non-essential genes of Saccharomyces 
cerevisiae, which were obtained from these databases. Then, feeding the result of BLAST searches into 
ORI-GENE, we obtained the phylogenetic profiles and compared the results of essential genes and 
non-essential genes. So far, we have obtained a significant difference between the profiles of essential genes 
and non-essential genes. As expected, the origins of essential genes are closer to the root of the tree than 
those of non-essential genes. We are currently analyzing the relation of the phylogenetic profiles of essential 
genes with their functional properties for individual genes in detail.  

 
3 Discussion 
 
We have carried out phylogenetic analysis of essential genes by using ORI-GENE. This tool enables us to 
view the distributions of homologous genes on the phylogenetic tree consisting of an enormous number of 
species currently available, and identify their origin automatically. Essential genes are necessary for the 
survival of organisms, and thus their distributions on the phylogenetic tree are expected to spread over many 
organisms. This was indeed observed in our results. ORI-GENE can display detailed profile on the tree and 
automatically assign the origin of the genes. In order to analyze the relationship between the phylogenetic 
profile and functions of genes, we need to consider the information of orthologous and paralogous genes 
more carefully. It would be interesting to characterize essential genes from evolutionary aspect and clarify 
the relation with function and other properties for each gene. We will carry out more detailed analyses based 
on the present results. 
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