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1  Introduction  
 

Metabolic pathways consist of compound units and reaction units. Representing them as nodes and edges of a graph enables us a 

statistical analysis of metabolic pathways. Especially, the analysis based on the network topology provides large-scale qualitative 

knowledge on metabolic pathways [1-2]. On the other hand, quantitative analyses, such as the flux balance analysis (FBA) [3-4], 

are limited to analyses of small networks, because metabolite concentrations are unknown and the identification of alternative 

pathways is difficult. In this work, we assigned phylogenic information to each reaction of the KEGG database [5] and 

reconstructed the metabolic pathway for each organism. We show that lower organisms use more conserved metabolic reactions 

while higher organisms use more species-specific reactions, which suggests that metabolic pathways have evolved utilizing existing 

old pathways. 

 

2  Method and Results  
 

In the REACTION section of the KEGG LIGAND database [6], there are about 6,000 entries for substrate-product relationships 

representing metabolic and other reactions. Using this reaction set, we made the total of 2435 phylogenic profiles based on the 

information about mapping to each genome in KEGG.  

 We defined the organism coverage for reactions as follows: The number of organisms that contained enzyme genes catalyzing the 

reaction is counted and divided by the number of all organisms. The result is shown in the histogram of figure 1. By using this 

organism coverage, we evaluated the evolutionary conservation of reactions in 8 species: Synechocystis sp, Escherichia coli, 

Bacillus subtilis, Saccharomyces cerevisiae, Caenorhabditis elegans, Dorosophila melanogaster, Arabidopsis thaliana and Homo 

sapiens.   



 Also, we defined the reconstruction rate of metabolic networks for each species as follows: The number of each organism’s 

specific reactions whose organism coverage is higher than a predetermined threshold is divided by the number of all reactions in the 

organism. We set the threshold value ranging from 0% to 100%, and obtained the plot of the reconstruction rate of organisms in 

Figure 1. We revealed that the lower organism-coverage reactions contribute to reconstructing metabolic pathways in higher 

organisms, on other hand, the higher organism-coverage reactions contribute more in lower organisms 

       
 Figure 1: Distribution of the organism coverage for reactions            Figure 2: Plot of the reconstruction rate of 3 pathways 
         calculated by using 168 organisms and Plot of the reconstruction        ( Glycolysis, Citrate cycle and Pentose phosphate pathway)  
         rate of organism.                                               in super creature. 
 
3 Discussions 
In this work, we found some drop points in reconstructing metabolic pathways for high organism-coverage reactions in the 8 species. 
Some reactions assigned to this point were localized in androgen and estrogen metabolism. Figure 2 was shown that the citrate cycle 
pathway incorporated the lower conservative reactions when compared to other two pathways: glycolysis and pentose phosphate 
pathway. In this study, we confirmed that the variations of reconstructing metabolic pathways corresponds to the phylogenic 
relationships. In the future work, we would carry out this analysis for more species. 
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