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1 Introduction
With progress of the human genome project, the whole sequences of the human genome will be
determined completely in a few years. Functional analysis of genes of human genome is now being
accelerated. Full-length cDNA clones are now being collected because they can be used as a starting
material for functional analyses of genes. The oligo-capping cDNA library developed by Maruyama
and Sugano is an effective source of full-length cDNA clones [1]. The aim of this study is to construct an
integrated database of full-length cDNA sequences obtained from oligo-capping cDNA library for the
functional analysis of genes. For this purpose we introduced a new annotation method using expression
profile information obtained from cDNA sequence databases. The database system developed here has
a function to retrieve the tissue specific genes. We also proposed a new method that can statistically
compare the frequency distributions of gene expression over tissues. Finally the validity of this method
was tested using known tissue specific genes. This study is a part of a project to determine the full-
length cDNA clones and construct a cDNA database system financed by New Energy and Industrial
Technology Developmental Organization (NEDO).

2 Database
The cDNA database system consists of the ESTs of cDNA sequences and cDNA library information
from which the sequences were extracted. In building the database, we used clustered ESTs of cDNA
provided from Helix Research Institute and also clustered ESTs downloaded from UniGene web site
[2]. Each cDNA sequence in each cluster has library information. Based on the clusters and the library
information, an expression matrix was constructed whose row and column denote each EST cluster and
each cDNA library, respectively. The element of the matrix is the relative frequency of sequences that
belong to the ith cluster and were extracted from the jth library (i = 1, . . . , I, j = 1, . . . , J). Because
there are great differences among numbers of sequences extracted from each library, the element of the
matrix was normalized by the sum of numbers of sequences extracted from jth library. The system has
a function to retrieve tissue specific genes. Given the tissue names (or library names) and expression
frequency of genes as a query (Fig. 1), the system output clusters that satisfy the query conditions
(Fig. 2). Using this function, we can retrieve the interesting tissue specific genes.
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Figure 1: cDNA library list. Figure 2: Expression profile of retrieved gene.

3 Method
To compare the gene expression frequency distributions over libraries, and to evaluate the tissue
specificity and/or the similarity of the distributions, some methods have been proposed [3, 4]. For
more accurate retrieval of tissue specific genes, we propose a statistical measure of tissue specificity
of genes. The measure is the following χ2. To compare distributions of I1th and I2th cluster a χ2

statistic is calculated. The similarity of two distributions is represented by 1 - tail probability P of
χ2. Suppose that i denotes a cluster in the row and j denotes a library in the column defined in the
expression matrix, where i = I1, I2 (1 ≤ I1, I2 ≤ I) and j = 1, . . . , J . And Nij is the (i, j) element of
the expression matrix, then,
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To obtain measure of specificity, a two-by-two frequency table, whose row consists of i1, and i2
EST and column consists of a j1 library and the mean of the rest of libraries, is made for each
j1 (1 ≤ j1 ≤ J). Then distributions over j1 and the mean of the rest of the libraries of i1 and i2 EST
is compared by χ2 statistic similarity.

4 Result
We tested validity of our method using known tissue specific genes. We retrieved twenty-nine liver
specific genes and sixteen house keeping genes from Eukaryotic Promoter Database (EPD) as a data
set [5]. As the result of comparison of the distributions, P value at liver between liver specific genes
and house keeping genes are very low. This result showed that our method could measure the tissue
specificity of genes.
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