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1 Introduction

As whole-genome and complete cDNA sequences became available for numerous organisms, the focus
of many research efforts is shifting rapidly from genomics to proteomics. One of the most important ap-
proaches in proteomics is the large-scale analysis of protein-protein interactions, because most proteins
work as complexes to regulate biological processes in cells and even the whole body. High-throughput
genome-wide screening of protein-protein interactions has been carried out in yeast, Caenorhabditis
elegans, and higher organisms, such as mouse. Several successful computational analyses of interaction
data also have been completed [1, 4].

On the other hand, it is widely accepted that the publicly available protein-protein interaction
data, especially those obtained from two-hybrid systems, contain many false-positive interactions [2].
Mering et al. [5] estimate that as much as 50% of interactions obtained from yeast-two hybrid are
false-positives according to the certain criteria. Thus a method to assess reliability of each protein-
protein interaction is necessary. Here we define Interaction Generality (IG) measure and show that it
can assess reliability of protein-protein interactions.

2 Method and Results

The interaction generality (IG) for target interacting pair A-B was defined by the following procedure.
First, the protein C that interacts directly with the target interacting pair A-B is classified into one
of 5 groups (al, a2, I, f, d) according to its topological properties of interaction. When C interacts
with both A and B, it is classified as “al”. When C interacts with A but not B, and C has another
interacting protein that interacts with B, it is classified as “a2”. When C is not classified as “a2”,
interacts with A but not B, and has at least one interacting protein that interact with A, it is classified
as “I’. If C does not meet these 3 conditions and interacts with another protein, it is classified as
“f. If C does not interact with any proteins except for A or B, it is classified as “d’. Then numbers
of proteins belonging to each class are counted as n = (Nal, Na2, NI, Nf, Nd). The IG values are
calculated as IG =np + C, where p’ = (Pal, Pa2, Pl, Pf, Pd) is a parameter for each class and C is a
constant. The parameters and the constant, which were determined by principal component analysis
of set of n’s, are as follows; p’ = (—0.057, 0.0963, 0.179, 0.920, 0.331) and C = —5.603.
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To investigate whether IG value is efficient for the assessment of reliability, distributions of I1G
values for reproducible interactions and non-reproducible interactions were calculated. As shown in
Fig. 1, IG values for reproducible interactions are significantly lower than those of non-reproducible
ones, suggesting that IG value can be used to select reliable interactions.
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Figure 1: Distribution of IG values for reproducible and non-reproducible interactions. Rates of
interactions having their IG values —7<IG<—-6, —6<IG<-5, ..., 19<IG<20 and >20 are shown.
“Rep” and “non-Rep” indicate reproducible and non reproducible interactions respectively. Rates
and their cumulative values of their corresponding IG values are shown as bars and lines respectively.

3 Discussion

In defining the IG, we incorporated principal component analysis where 5 parameters (Pal, Pa2, PI,
Pf, Pd) for topological properties (al, a2, I, f and d) were set. With principle component analysis,
one can determine the parameters and the constant without requiring knowledge of whether each
interaction is true-positive or false-positive. This is a great advantage since we do not know which
of the non-reproducible interactions are indeed false positives. Using the IG described in this paper,
we obtained more reliable dataset than those in our original report [3]. We believe that the approach
we describe here is applicable to higher organisms such as human and mouse whose large amount of
protein-protein interaction data will soon become available.
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