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Fig. 1 Two kinds of gene pair
G1, G2, G3, G4, G5 are genes in the same direction, while G6, G7 are in
the opposite direction, and G2, G3, G4 constitute one operon. Thus,
(G2, G3), (G3, G4) are operon gene pairs and (G1, G2), (G4, GS5) are

boundary gene pairs.
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Table 1 Comparison of prediction accuracies (AC) between Dam’s method and our algorithm

Species E. coli B. subtilis  P. aeruginosa  S. coelicolor M. pneumonia S. solfaaricus ~ G. sulfurreducens Average
Dam’s method 84.3% 82.7% 84.0% 85.0% 84.1% 79.7% 75.3% 82.2%
Our algorithm 85.3% 85.7% 84.9% 85.0% 84.2% 79.0% 79.1% 83.3%
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Table 2 Comparison of prediction accuracies (AC) of our algorithm between the model

by self-learning method and the B. subtilis model

Species E. coli P. aeruginosa S. coelicolor M. pneumonia  S. solfataricus ~ G. sulfurreducens Average
Self-learning 85.3% 84.9% 85.0% 84.2% 79.0% 79.1% 82.9%
B. subtilis model 83.1% 82.1% 80.7% 80.4% 65.1% 78.7% 78.4%
b
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Fig. 2 The logos of operon-upstream regulation signals for (a) B. subtilis and (b) S. coelicolor

The operon annotations for both genomes are calculated by our algorithm with self-learning strategy.
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Fig. 3 The logos of operon-downstream regulation signals for (a) B. subtilis and (b) S. coelicolor

The operon annotations for both genomes are calculated by our algorithm with self-learning strategy.
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Fig. 5 Transcription terminators logo in the operon downstream

(a) Firmicutes and Proteobacteria. (b) Archaea. (c) Actinobacteria. Where, Firmicutes and Proteobacteria have typical p-independent; while signals of

Archaea and A ctinobacteria are quite different.
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Operon Prediction Based On an Iterative Self-learning Algorithm"
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Center for Theoretical Biology, Center for Protein Science, Peking University, Beijing 100871, China)

Abstract As a specific functional organization of genes in prokaryotic genomes, operon contains a set of adjacent
genes under the control of the corresponding regulatory signals, and is expressed as the transcript unit. It has been
found that genes in an operon usually tend to have related functions, or belong to the same pathway in cell.
Therefore the study of operon structure is significant to understand the gene functions and regulatory networks for
prokaryotes. However with the current limitation of data acquisition of operons verified by experiments such as
prokaryotic transcriptomics, computation methods to annotate the operons in a newly sequenced genome have so
far been the major source of operon data, and will continue to be an important mission. Over the past decade, a set
of computational approaches to operon prediction have been proposed, however mainly based on experimental
operons as their training sets. Nevertheless the lack of experimental operon dataset has been the bottleneck of
operon prediction. The authors employ an iterative self-learning algorithm which is independent of training set
with known operon dataset. The algorithm develops based on a probabilistic model using features including gene
distance, regulation signals of gene expression and functional annotation such as COG. The test result compared
against the experimental operon data indicates that the algorithm can reach the best accuracy without any training
set. Besides, this self-learning algorithm is superior to the algorithm trained on any species with known operons.
Accordingly, the algorithm can be applied to any newly sequenced genome. Moreover, comparative analysis of
bacteria and archaea enhances the knowledge of universal and genome specific features of operons.
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Table S1 The prediction comparison between Dam’s method and our algorithm

SN SP AC

Dam’s method Our algorithm Dam’s method Our algorithm Dam’s method Our algorithm
E. coli 90.1% 89.8% 75.8% 78.8% 84.3% 85.3%
B. subtilis 73.4% 82.8% 95.6% 89.6% 82.7% 85.7%
P. aeruginosa 92.5% 94.0% 69.2% 69.2% 84.0% 84.9%
S. coelicolor 85.6% 87.0% 83.6% 80.3% 85.0% 85.0%
M. pneumonia 87.5% 86.3% 77.9% 80.4% 84.1% 84.2%
S. solfataricus 66.4% 88.8% 95.7% 70.8% 79.7% 79.0%
G. sulfurreducens 72.7% 85.9% 82.1% 61.1% 75.3% 79.1%
Average 81.2% 87.8% 82.8% 75.7% 82.2% 83.3%




