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Abstract

We have proposed that the prediction of protein subcellular localization sites can pro-

vide a good clue for the characterization of open reading frames of unknown function [1, 2].

Our program, PSORT, has been used by a number of researchers through the Internet

[3]. PSORT was originally written in the style of a 'if-then' rule-based system. Although

this style has the merit of a great versatility in coding inference pathways, re-optimization

of numeric parameters for either given training data or expanded rules needs an expert's

manual work. Clearly, this character is not well suited for the rapidly-progressing state

of genome analyses. Thus, we have been studying other mathematical models for infer-

ence that allow at least semi-automatic optimization of numeric parameters. Last year,

we introduced a simple model, the water-
ow model, that automatically �nds required

threshold parameters [4]. This model showed su�ciently high discrimination power for

model data. Here, we describe an improved model and report its predictability when

applied to more realistic data.

We �rst collected E. coli amino acid sequences of known subcellular localization sites

from the PROSITE database (Rel. 31). Excluding hypothetical information, 336 se-

quences were collected in total. They were classi�ed into the following 8 groups: lipopro-

teins at the inner membrane (imL), lipoproteins at the outer membrane (omL), inner

membrane proteins with a cleavable signal sequence (imS), typical outer membrane pro-

teins (om), periplasmic proteins (pp), inner membrane proteins with a signal- anchor
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signal (imU), inner membrane proteins with an internal signal (im), and cytoplasmic pro-

teins including peripheral inner membrane proteins (cp). Since the precise information for

topogenic signals is lacking in the database, this classi�cation partly uses the prediction

result of PSORT. The number of members varies from 2 to 143 for each group.

Currently, the reasoning tree is the same as the one used in the previous study [1].

However, we employed a probabilistic inference model. Basically, the model is a kind of

\water-
ow model", as is the model proposed last year [4]. The most important di�erence

is the use of a discrete set of conditional probability values for categorized ranges of the

characteristic value at each node. These categories are de�ned such that each category

roughly contains a uniform number of data points. However, since we still leave some

room for eyeball inspection in this process, the calculation is semi-automatic.

Although there remains some room for improvement in the characteristic values (for ex-

ample, the parameters used in MeGeoch's method for signal sequence recognition) at each

node, we tested the predictability of the current model by the cross-validation method.

The 336 data were randomly divided into a training set of 302 and a testing set of 34.

This trial was carried out 10 times and the resultant values were averaged. The over-

all prediction accuracy marked 79.1% which does not di�er much with the accuracy for

discriminating the training data. We expect that the method can be applied to a much

more complicated eukaryotic problem without terrible di�culty because of its conceptual

clearness. Thus, this method seems very promising for upgrading the PSORT system in

the near future.
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