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In the current situation where microarray data in the field of nutritional genomics (nutrigenomics) are accumulating rapidly, there is imminent need for an
efficient data infrastructure to support research workflow. We have established a web-based, integrated database of the publications and microarray
expression data in the field of nutrigenomics. The registered data include links to external databases such as PubMed of the National Center for Biotechno-
logy Information and public microarray databases that contain Minimum Information About a Microarray Experiment-compliant microarray expression data.
Using this database, all data sets created will be effectively utilized and shared with other researchers. This database is built on an open-source database
system and is freely accessible via the World Wide Web (http://a-yoS5.ch.a.u-tokyo.ac.jp/index.phtml).

Microarray: Database: Nutrigenomics

Gene expression analysis using high-throughput technology is
becoming more and more popular in a variety of research fields
(Goodman & Lory, 2004; Mirnics & Pevsner, 2004; Straume,
2004). Of all the methods for analysing differential gene expression,
the DNA microarray technique is the most powerful because of its
ability to simultaneously monitor the expression of several thousand
genes (Schena et al. 1995). In the field of nutritional research, one
principal application of DNA microarrays is their use as a compre-
hensive screening tool for identifying the genes regulated by nutri-
ents. With microarray technologies, many scientists have already
demonstrated that the expression of a host of genes is differentially
controlled by nutritional status and various nutrient stimuli (Wein-
druch et al. 2001; Endo et al. 2002; Sreekumar et al. 2002). The new
term, ‘nutrigenomics’, was coined for the area of study targeting the
genome-wide influence of dietary signals, and this field has proved
highly promising as the next generation of nutrition research. At pre-
sent, nutrigenomics research remains in its infancy and is saddled
with a variety of problems (Kato & Kimura, 2003; Muller &
Kersten, 2003). Nevertheless, the massive expansion of microarray
studies has caused this research field to develop much faster than
originally expected. Hence, the building of an adequate information
infrastructure to support research workflow is one of the prime tasks
for the community of nutrigenomics researchers.

Each microarray experiment produces a vast amount of data.
The rapid accumulation of microarray data in recent years has

created problems with regard to data organization, storage and
analysis. These problems have primarily been overcome with
advances in computational biology, including the advent of a
variety of microarray databases and bioinformatic tools (Gardi-
ner-Garden & Littlejohn, 2001; Quackenbush, 2001). However,
there are still considerable obstacles with regard to data accessi-
bility and comparability. For example, the array data are dis-
tributed in different data formats over several public
repositories such as the Gene Expression Omnibus (http:/
www.ncbi.nlm.nih.gov/geo) of the National Center for Biotech-
nology Information (NCBI) and ArrayExpress (http://www.ebi.
ac.uk/arrayexpress) of the European Bioinformatics Institute,
as well as hundreds of individual laboratory servers. As a con-
sequence, access to all published data has been crucial for data
collection and further analysis. The public availability of gene
expression data, especially of raw microarray data, offers
another consideration. Currently, the raw array data obtainable
through public repositories are quite limited as compared with
the literature sources, exemplified by PubMed. This limitation
is primarily due to many academic journals still not requiring
that a complete or summary subset of array data be deposited
at the time of submission. In addition, one of the major
public microarray databases does not hold image data (raw
data) that would provide reliable information regarding the
quality of the analysis; such information enables one to check
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possible contamination as to each reporter and to re-normalize
values with different normalization factors.

Now that efficient utilization of the microarray data of nutrige-
nomics research is a pressing issue, a centralized nutrigenomics
database capable of accumulating and managing information is
indispensable. We have therefore established an integrated data-
base, the ‘Nutrigenomics Database’, which allows us to share
the publications and gene expression information relating to nutri-
genomic research. As a primary phase of the study, information
from over 200 publications, some of which are accompanied by
links to associated array data (both provided by NCBI in the
public domain at www.ncbi.nlm.nih.gov), has been collected
and organized in the database. All information in the database
is freely available and helpful for food and nutrition scientists
concerned with global expression data.

Methods

The nutrigenomics database was developed using the BioArray Soft-
ware Environment (BASE) system (Saal et al. 2002), a free web-
accessible database released under the GNU General Public License.
BASE is a customizable database that runs on GNU/Linux (http:/
www.linux.org/), written in PHP language (http://www.php.net/)
with a MySQL (http://www.mysql.com/) backend. The organization
and interface of the original BASE system have been designed for the
efficient management of microarray productions, but it is not for pub-
lished articles and manually created annotations. So we modified the
source codes of the BASE software (version 1.12.10) in several ways
considering the needs of nutrigenomics researchers. Among these
modifications, the following are the major ones:

(1) Addition and reassembling of the tables to manage the col-
lected and summarized publication information;

(2) The addition of hyperlinks to public microarray databases
and NCBI’s PubMed; and

(3) The addition of guest login mode to be a public database and
to improve the usability and accessibility of the website.

The database is available at http://a-yo5.ch.a.u-tokyo.ac.jp/index.
phtml.

Results and discussion

The database contents include publications derived from nutrige-
nomics research and a limited number of associated microarray
data at the moment. To browse the list of data, all users must
log in to the database either with a username and password com-
bination that is authorized or as our ‘guest’ without a password.
Guest login is restricted from using extended features and from
referring to the detailed information, but is more user-friendly
than registered use as minimal database operations are needed.
Clicking ‘Experiments’ at the ‘Analyze data’ category on the
left frame of the screen will let one retrieve the list of experi-
mental sets (Fig. 1). Additional information can be obtained by
clicking on the nutrient name at ‘Name’. Also possible is direct
access to the raw data under ‘Raw data sets’ (if it exists) although
the number of accessible raw data sets is limited thus far.
Probably the most common way of using this database is intui-
tive access to the pre-categorized resource of publication data by
selecting a keyword from the pull-down menu, ‘Presets’ feature,
which contains a few dozen keywords derived from nutrition-
specific information sources. These auxiliary annotations were

added manually based on the information extracted from discrete
publications. The presets data are principally categorized by the
names and types of dietary components, including some func-
tional food components such as ‘flavonoids’, and also by the
target tissues used in microarray experiments. In addition, the
filter function at the top of the screen enables one to extract the
data records containing the arbitrary keyword from any fields of
a data set. Such accessibility to potentially relevant studies may
be the key advantage of the database; it would greatly help to
reduce working time and thereby improve research productivity
since the literature-based analytical stage is still one of the most
time-consuming steps in microarray studies.

Statistical approaches are typically used to analyse a large amount
of gene expression data (Datta & Datta, 2003; Gottardo et al. 2003).
Thus, numerous analytical tools are preinstalled on the original BASE
system to avoid the need to download the array data for analysis by
third-party software. Analytical tools include functions such as
normalization, multidimensional scaling, principal components anal-
ysis and clustering, but thus far these do not fully support the single
channel array. Detailed instructions for each application are available
from BASE website (http://base.thep.lu.se/).

The database has been designed to store comprehensive gene
expression information that provides researchers with clues to
understanding the biological actions of nutrients at the molecular,
cellular and individual animal levels. Some data sets do not
comply with the above criteria since the definition of ‘nutrige-
nomics’ is not yet standardized. We are currently accumulating
and summarizing any kind of data set that is likely to be valuable
to nutrigenomics researchers. For instance, some data relating to
the effects of pathological states such as diabetes are included.
Data are updated manually as needed for the time being, because
the number of available data sets that are directly tied to nutrition
and food is still limited. The database currently carries over 200
nutrigenomics studies and over 300 pharmaco- and toxicoge-
nomics studies, which will provide suggestive information for
nutrition studies. Some data sets are not authorized for access
because they include unpublished or closed data.

Currently, our database does not fully support Minimum Infor-
mation About a Microarray Experiment (MIAME)-compliant
information. MIAME aims at standardizing microarray infor-
mation in order to facilitate the sharing and comparing of data
among laboratories and researchers (Brazma et al. 2001). One
of the common problems encountered in inter-experimental com-
parison of microarray data is the comparability of the data pro-
duced by means of various experimental procedures. We are
therefore expanding the functions of the database so that it can
handle the MIAME data as well as more nutrition-specific anno-
tations. It is hoped that such features will facilitate the standard-
ization of experimental conditions to develop an optimized
workflow, a most challenging part of nutrigenomics study.
Another feature to be added in the near future is the ability to
search for experimental sets according to the gene expression
changes of interest. In addition, we have already begun to develop
and implement an algorithm that allows us to predict the functions
of diets and nutrients based on a similarity of gene expression pat-
terns. Detailed information about new features will be displayed
on the top page of the database.

At this time, only a limited amount of gene expression data and
raw array data is stored in the database because of its poor public
availability. With the wealth of data generated from microarray
experiments, however, there is clearly a need for data storage and
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Fig. 1. A snapshot of the data-browsing page. The list of experimental sets includes links to external databases such as PubMed of the National Center for Bio-
technology Information and public databases that contain Minimum Information About a Microarray Experiment-compliant microarray expression data. In addition,
users can intuitively retrieve the pre-categorized resource of publication data by selecting a keyword from the pull-down menu, ‘Presets’.

management optimized for nutrigenomics study. It is surely essen-
tial to consistently accumulate the array data in collaboration with
other research groups and organizations.
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