A Probabilistic Inference System for The Prediction

of Sub cellular Lo calization Sites of Proteins:

Application to � �

� Data

Paul Horton

1

Kenta Nak ai

2

paulh@cs.berkeley.edu nakai@imcb.osaka-u.ac.jp

1

Computer Science Division

Univ ersit y of California, Berkeley

, CA 94720, USA

2

Institute of Molecular and Cellular Biology

Osak a Univ ersit y , 1-3 Y amada-ok a, Suita 565, Japan

Abstract

W e have prop osed that the prediction of protein sub cellular lo calization sites can pro-

vide a go o d clue for the characterization of op en reading frames of unknown function [1, 2].

Our program, PSOR

T, has b een used by a num b er of researchers through the Internet

[3]. PSOR

T was originally written in the style of a ’if-then’ rule-based system. Although

this style has the merit of a great versatility in co ding inference pathw ays, re-optimization

of numeric parameters for either given training data or expanded rules needs an exp ert’s

manual work. Clearly

, this character is not well suited for the rapidly-progressing state

of genome analyses. Thus, we have b een studying other mathematical mo dels for infer-

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

we intro duced a simple mo del, the water- o w mo del, that automatically �nds required

threshold parameters [4]. This mo del showed su�ciently high discrimination p ow er for

mo del data. Here, we describ e an improved mo del and rep ort its predictability when

applied to more realistic data.

W e �rst collected E. c oli amino acid sequences of known sub cellular lo calization 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: lip opro-

teins at the inner membrane (imL), lip oproteins at the outer membrane (omL), inner

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

teins (om), p eriplasmic proteins (pp), inner membrane proteins with a signal- anchor

2 � 565 � 1-3

signal (imU), inner membrane proteins with an internal signal (im), and cytoplasmic pro-

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

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

result of PSOR

T. The num b er of members v aries from 2 to 143 for each group.

Currently

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

How ever, we employ ed a probabilistic inference mo del. Basically

, the mo del is a kind of

\water- o w mo del", as is the mo del prop osed last year [4]. The most imp ortant di�erence

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

characteristic v alue at each no de. These categories are de�ned such that each category

roughly contains a uniform number of data p oints. How ever, since we still leave some

ro om for eyeball insp ection in this pro cess, the calculation is semi-automatic.

Although there remains some ro om for improv emen t in the characteristic v alues (for ex-

ample, the parameters used in MeGeo ch’s metho d for signal sequence recognition) at each

no de, we tested the predictability of the current mo del by the cross-v alidation metho d.

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 v alues were av eraged. The over-

all prediction accuracy marked 79.1% which do es not di�er muc h with the accuracy for

discriminating the training data. W e exp ect that the metho d can b e applied to a muc h

more complicated euk ary otic problem without terrible di�culty b ecause of its conceptual

clearness. Thus, this metho d seems very promising for upgrading the PSOR

T system in

the near future.

Ac kno wledgemen t

This work was supp orted in part by a Grant-in-Aid, \Genome Informatics" (07249205) for

Scien ti�c Research on Priority Areas from The Ministry of Education, Science and Culture in

Japan.

References

[1] K. Nak ai and M. Kanehisa, \Exp ert system for predicting protein lo calization sites in

Gram-negative bacteria" PROTEINS: Structur e, F unction, and Genetics, V ol. 11, pp. 95-

110, 1991.

[2] K. Nak ai and M. Kanehisa, \A knowledge base for predicting protein lo calization sites in

euk aryotic cells" Genomics, V ol. 14, pp. 897-911, 1992.

[3] A. Go�eau, K. Nak ai, P

. Slonimski, and J.-L. Risler, \The membrane proteins enco ded by

yeast chromosome I I I genes" FEBS letters, V ol. 325, pp. 112-117, 1993.

[4] K. Nak ai, A. Shinohara, and S. Miyano, \Assignment of certaint y-factor parameters with

a given reasoning tree for the prediction of protein lo calization sites" Pr o c. Genome Infor-

matics Workshop 1994, pp. 170-171, 1994.