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1 Introduction

Recently, we have developed two methods for expression profile analysis. One is the automatic deter-
mination of cluster boundaries in hierarchical clustering of profiles [2], and another is the inference
of a genetic network by application of graphical Gaussian modeling (GGM) [4]. Here, we synthesize
the newly developed methods into a system, named ASIAN (Automatic System for Inferring A
Network). The performance is illustrated by means of yeast profile data. .

2 Method and Results

2.1 Profile Data

The gene expression profile data analyzed here are cited from Spellman et al. (1998) [3]. From
the expression profiles of 6178 yeast (Saccharomyces cerevisiae) genes that were measured under 77
conditions, 2918 profiles with no or fewer than one missing data in 77 conditions are selected.

2.2 Algorithm

Step 1: A metric between profiles is defined as the Euclidean distance between correlation coefficients,
i.e., dij =

√
1
n

∑n
k=1(pik − pjk)2, where pik is Pearson’s correlation coefficient between i and k gene

profiles and n is the total number of genes.
Step 2: A standard hierarchical clustering technique, the group average method, is applied to the
distance matrix calculated by Step 1.
Step 3: According to the dendrogram at the nodes from 2918 to 2, the variation inflation factor
(VIF), which is expressed as VIF = r−1

ii , where r−1
ii is ith diagonal element of the inverse of correlation

coefficient matrix, is calculated from the matrix that is composed of representative profiles. The
calculation of VIF is started at the nodes in ascending order of the dendrogram, and is stopped, when
all of VIF’s are less than 10.0 that is a familiar cut-off value [1].
Step 4: For the clusters determined by Step 3, the expression levels at each condition are averaged
over the members of the cluster, and the correlation coefficient between every pair of clusters is
calculated for the average profiles.
Step 5: The correlation coefficient matrix obtained in Step 4 is analyzed by GGM [5]. When the
probability of the deviance between the matrices at one step and the preceding step in the iterative
analysis is less than 0.05, the iteration is stopped, and a partial correlation coefficient matrix for the
clusters is obtained.
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2.3 Number of Clusters Determined by ASIAN
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Figure 1: Determination of cluster boundaries. The
fraction of VIF’s more than 10.0 is plotted against
the cluster number.

As seen in Fig. 1, the fraction of VIF’s more
than 10.0 monotonously decreases from 70 clus-
ters, and finally reached at 0 value at 30 clusters.
The monotonous decrease indicates no possibil-
ity that the fraction has 0 value in more than 70
clusters. In contrast, the fraction holds 0 value
in less than 30 clusters, suggesting that the clus-
ters are clearly separated in these clusters. Thus,
2918 profiles were automatically grouped into 30
clusters. The number of members of each cluster
was ranged from 5 to 308.

2.4 Network Inferred by ASIAN

Figure 2: Inferred Network between 30 Clusters.
The open circle indicates no connection between
the two clusters, and the closed cell indicates the
connection.

The network inferred by ASIAN is schematically
shown in Fig. 2. In 435 connections between
30 clusters, 161 connections (37.0%) were broken
off by GGM. Thus, 274 connections between 30
clusters (63.0%) were established by ASIAN. The
maximum number of connections is 23 in cluster
25, and the minimum number of connections is 13
in cluster 20. Notably, the numbers of members
belonging to the two clusters are 175 and 128,
respectively. The number of members, therefore,
appears to be independent of whether a cluster
is connected with or not. Rather, it is considered
that the establishment of the connection depends
on the relationship between the genes, which is
expressed by the profiles.

3 Discussions
The members of 30 clusters were classified in view from a classification scheme of gene function.
Furthermore, the present network will be corresponded with the known regulatory networks.
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