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Predicting functions of unknown proteins is one of the most important problems in proteomics. It
has been proposed to apply the theory of Markov random field (MRF) to infer proteins' functions
using both protein-protein interaction data and the functional annotations of their interacted protein
partners[1,2]. In this paper, we could improve accuracy of prediction by using several methods.
First, we have adopted new parameter estimation method without using a logistic regression
method. Second, we considered indirect relation protein-protein pairs. The efficiency of our
prediction is measured by applying the leave-one-out cross validation procedure to a functional path
matching scheme.

1. Introduction

In the present proteomics researches, inference of functions of unknown proteins is an important
task. Gene expression profiles, the usage of phylogenetic profiles, and protein-protein interaction
are typical approaches to this problem. As a computational approach, the application of Markov
random field (MRF) to protein-protein interaction is proposed to predict protein functions and to
annotate functions by considering interaction patterns. In this paper, we have successfully improved
performance of inference by two procedures. First, estimation of parameters is reconsidered, i.e.,
we proposed to estimate them without using logistic regression used in the previous researches.
Second, the second nearest neighbors of protein-protein interactions are considered to improve
accuracy of function annotations. In order to see the efficiency of new models, we have applied
cross validations to the results. MRF is used to protein-protein interactions in budding yeast and 82
selected Gene Ontology (GO) terms are predicted by model equations. Protein-protein interacion
data is downloaded from Munich Information Center for Protein Sequences (MIPS)[3].

2. Materials and Methods

Protein-protein interaction data in budding yeast is downloaded from MIPS[3] and numeric values
which are necessary to apply the following equations are estimated. In order that, the table of
GO:ID for budding yeast is taken from Gene Ontology[4] data base and protein names are
compared with the table. Hierarchical structures of Gene Ontology is considered by selecting 82
informative node (GO terms) including the list of all direct children (in more specific terms, one
hierarchy level down ). Then fitness with model equations is estimated. 82 GO terms considered
here are those include more than 30 proteins and any of those direct children do not include more



than 30 proteins. This is the definition of informative node. Among the nearest neighbors of each
protein, the number of proteins with informative nodes is computed. When x is the binary vector
of' nodes in subnetwork to represent if each node is annotated by a GO term, probability is given by
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Here Z(0) is defined as
Z(0)=2 exp(~U(x))

and U(x) ineq.(1)is
U(x)=—aN1i—BNw—yNun—Nw )
Here «,p,y are parametersand N, is the number of proteins annotated with the considered
GO term. Ny, isthe number of pairs one of those is annotated by the GO term and another is not
annotated. N, is the number of pairs both of those are annotated. N, is the number of pairs
neither of those is annotated.
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P,(X;=1|X_;,0) in the left hand side of eq. (3) is the probability of annotation by the GO term
for site i based upon the prior probability estimated by parameter 6 and information excluding
site i. Parameters are  0=(c, B,y). The left hand side of eq. (3) is the logarithm of the ration
between the probabilities those protein i is annotated by the GO term ornot. MY’ ( MY )is the
number of proteins without (with) the GO term among the nearest neighboring proteins of protein i.
Parameters «, B,y are estimated by maximum likelihood method. Eq. (3) gives us the
probability of GO annotation for the considered protein based upon prior probability of surrounded
proteins.

2.1. New parameter estimation
Here we propose the method to estimate parameters without using maximum likelihood. First of
all, egs. (1) and (2) give us the possibilities when N, N, No, N, appear.
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Here N is the total number of pairs of protein-protein interactions, N ' is the total number of
proteins. By solving these four equations, we get «,f,y.

2.2. Indirect pair model
Until here, we consider sub network that consists of proteins which have relationships with the
considered protein within protein-protein interaction data. Model equation is based upon this
subnetwork. Here we extend the model so as to consider the effect of the second nearest
neighboring proteins.

U(x)=—(xN,+B,NI,,+y,N1,y+6 NI+ B,N2,,+y,N2,,+65,N2,,) 4)
Here NK ;. is the total number of protein-protein interactions. K=1 means link to the nearest
neighborsand K=2 means that to the second nearest neighbors. Substituting eq. (4) into eq. (1),
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we get the equation corresponding to eq. (3). Then using maximum likelihood, we estimate
parameters and hence the probabilities of the considered protein is annotated by the specific GO
term.

3.Results
The performance measures are precision, recall, SN(sensitivity), FPR(false positive rate),
and AUC score of ROC curve.
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GO:ID logistic new parameter indirect pair
GO:0006412 0.67959551 0.654026 0.705483
G0:0006974 0.7184796 0.7169281 0.773251
GO0:0007131 0.7209587 0.7051123 0.7976397

Table.1: AUC scores on GO:IDs. From the left column to the right one, conventional method
(logistic), solving equations (new parameter), model considering the second neighbors (indirect
pair).
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Figure 1:Performance for conventional method, solving equations, model considering indirect pair
. Precision vs recall: (a),(c),(e), sensitivity vs false positive rate: (b),(d),(£).

4. Discussion

Reconsideration of parameter estimations and generating the new model considering the second
nearest neighbor give us better performance of inference of functions annotated by Gene Ontology.
Performance becomes better or worse dependent upon considered Gene Ontology. It is important to
clarify the relationship between Gene Ontology and the model performance. Newly proposed
method considering the second nearest neighbor does not take into account the difference if the
nearest neighbor protein is annotated. The distinguish between the annotated and non-annotated
nearest neighbor is important when we consider the second nearest neighbors.
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