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Self-Organizing Map (SOM) is an effective tool for clustering and visualizing high-dimensional complex data on a two-

dimensional map. We modified the conventional SOM to genome informatics, making the learning process and resulting map

independent of the order of data input, and developed a novel bioinformatics tool for phylogenetic classification of sequence

fragments obtained from pooled genome samples of microorganisms in environmental and clinical samples. This phylogenetic

classification was possible without either orthologous sequence sets or sequence alignments. We first constructed SOMs for

tetranucleotide frequencies in 210,000 5-kb sequence fragments obtained from 1502 prokaryotes for which at least 10 kb of

genomic sequence has been deposited in public DNA databases (Species-known Seq. in Fig.). The sequences could be classified

primarily according to phylogenetic groups without information regarding the species. We used the SOM to classify sequence

fragments derived from the Sargasso Sea near Bermuda. The Sargasso sequences were effectively visualized on a single map.
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Venter et al. applied shotgun sequencing to mixed

genomes collected from the Sargasso Sea and deposited

approximately 811,000 sequence fragments in the DNA

database. The environmental sequences were analyzed with

the newly developed SOM. We first mapped sequences

longer than 5 kb on the SOM constructed for the 1,502

known prokaryotes (Sargasso Seq. > 5 kb in Fig.). All domi-

nant species were detected. We then mapped 1-kb fragments

derived from 134,600 entries longer than 1 kb and all

811,000 sequences (Sargasso Seq. > 1 kb and All Sargasso

Seq. 3D, respectively). Although the sequences were not

clustered tightly, skewed distributions were observed. This is

more easily visualized with a 3-dimensional (3D) representa-

tion in which the number of Sargasso sequences classified

into each lattice point is indicated by the height of a bar. 

G+C% has been used for a long period as a fundamental

parameter for phylogenetic classification of microbes, but

the G+C% is apparently too simple a parameter to differenti-

ate a wide variety of known species. SOM used oligonu-

cleotide frequency effectively to distinguish the species

because oligonucleotide frequencies vary significantly

among their genomes. In the case of the homology-based

Species-known Seq.

Sargasso Seq. > 1 kb

Sargasso Seq. > 5 kb

All Sargasso Seq. 3D

For details, see Abe et al. (DNA Research, 12, 281–290, 2005)
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phylogenetic classification, a set of orthologous sequences

from a wide range of species (e.g. rDNA) is an absolute

requirement, and therefore, this conventional method is diffi-

cult to apply to the classification of sequences for novel

genes from poorly characterized species. Because the SOM

does not require the orthologs, the present strategy can

enhance novel metagenomic studies of uncultured microbes.
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