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1

Introduction

Computational prediction of protein-protein interactions from the sequence information is an important issue in bioinformatics. In recent years, the phylogenetic profile method [3] has been developed for
predicting protein functions and discovering specific protein interactions, and the mirror tree method
[2] has been proposed as a generalization of the idea of the phylogenetic profile in order to measure
the evolutionary distance between proteins more precisely. Both methods basically stem from the
assumption that functionally correlated proteins evolve in a correlated manner. In the mirror tree
method, the intensity of the correlation between proteins is evaluated by Peason’s correlation coefficient based on phylogenetic trees, but it has been pointed out that a number of false positives tend
to be introduced in the prediction.
This paper presents a new method to predict protein-protein interactions from the evolutionary
information by using partial correlation coefficient in order to extract direct interactions rather than
indirect interactions between proteins. Our method is successfully tested on its ability to predict
physical protein interactions, from the comparison of phylogenetic trees of proteins. Using the dataset
containing known interactions, we show that our approach removes false positives to a large extent
and improves the specificity for predicting physical protein-protein interactions.

2
2.1

Method
Datasets

The dataset in this study is constructed from the DIP database [4] and the KEGG database [1]. For the
protein interaction data, we used 13 interacting protein pairs of Escherichia coli in the DIP database,
which is a repository of experimentally determined interactions between proteins. For the protein
sequence data, we selected the orthologous proteins across 24 different species (e.g., proteobacteria
and bacillales) from the KEGG/GENES and the KEGG/SSDB databases. We used ClustalW for
the multiple sequence alignment, and the JTT matrix as a similarity score matrix whose elements
represent similarity scores between amino acids.

2.2

Methodology

Our method is based on a combination of the ordinary mirror tree method [2] and the use of partial
correlation coefficient. Proposed procedure in this study is summarized as follows:
Step 1. Construct the distance matrix representing the phylogenetic tree for a protein based on
multiple sequence alignment across different species.
Step 2. Transform the off-diagonal elements in the distance matrix into a vector, which we refer to
as phylogenetic vector.

Prediction of Protein-Protein Interactions

497

Step 3. Repeat Step 1-2 for all the proteins, and obtain a set of phylogenetic vectors for the protein
set.
Step 4. Compute partial correlation coeﬃcients based on the phylogenetic vectors for all possible
combinations of the proteins.
Step 5. Select high scoring protein-protein pairs as candidates of protein interactions.

3

Results and Discussion

Figure 1 shows the distribution of the scores for both Peason’s correlation coeﬃcients (left ﬁgure) and
the partial correlation coeﬃcients (right ﬁgure). In the ﬁgures, vertical axes indicate the correlation
scores, and horizontal axes indicate 325 possible pairs of proteins. We selected the high scoring
protein-protein pairs and compared them with the known protein-protein interactions stored in the
DIP database. True positive hits are highlighted by asterisks in the ﬁgures. It is found that our
method has eﬀects of increasing true positives and reducing false positives in terms of the number of
correctly detected protein-protein interactions in comparison with Peason’s correlation method. For
instance, when top ranking ﬁve predictions are examined, the prediction accuracy is 80% (4/5) in the
case of partial correlation, but it is 20% (1/5) in the case of Peason’s correlation. So these results
suggest that the use of partial correlation coeﬃcient can improve the speciﬁcity for predicting physical
protein interactions.

Figure 1: The distributions of the correlation coeﬃcients (left) and partial correlation coeﬃcients
(right).
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