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Abstract

A long-term storage of genetic materials is essential in each country.
In order to manage a large number of samples from di�erent species in
animal agriculture, a general data model must be considered and im-
plemented. This paper presents an approach for the development of a
sample management information system at the country level. Designed
as client/server architecture, our information system is a platform inde-
pendent web application based on open source software packages. As a
result, the developed information system provides for information man-
agement of national genebanks. It allows users to record the origin of
genetic material, keep track of samples along with the storage places, and
make analyses reports. The software is freely available under the Open
Source GNU public license.

1 Introduction

With the international acceptance of the Rio Convention [1] in 1992 conservation
of biodiversity has become a major issue not only in wild life but also in animal
agriculture. While conservation in wild life usually focuses on the species, the
breeds are the focus of interest in animal agriculture. Already in 1979 scientists
stipulated conservation of breeds of farm animals [2].

More recently a proposal has been made for a world wide emergency pro-
gramme for the creation of national genebanks of endangered breeds in animal
agriculture [3] based on the low cost collection and storage of somatic cells. The
technique has been tested under �eld conditions on 6 breeds from 3 species [4].
The procedure is intended to be deployed rapidly to countries with little infras-
tructure and to operate identically on all mammalian species. An integral part
of a physical genebank is the su�cient documentation of the stored samples,
which has to be equally easy and rapid to install and operate and which only
requires limited or no adaptation prior to country installation. Based on the
implementation for the National Genebank in the Netherlands [5], the structure
of the new system was further simpli�ed to allow general applicability without
modi�cation.
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2 Requirements

As pointed out above, the information system is considered to be an important
component in the concept for a world wide emergency program for the setup
of genebanks. Implementation of such program would entail setting up a rela-
tively large number of national and possibly sub-national genebanks. Clearly, a
standardized product, that would not require software expertize for adaptation
would be of great bene�t.

Often multiple locations are used in genebanks. Firstly, there are safety
issues that make it advisable to store material in more than one location. Fur-
thermore, a decentralized approach in terms of material and data collection may
seem advisable. Clearly, information on all genebank material, be it centralized
or not, needs to be available together.

The information available on animals represented in cryo store will be very
di�erent ranging from complete pedigrees and performance records for some
populations in intensive breeding programs to close to none on animals sampled
in remote low intensity environments. The system must be able to handle both
cases without modi�cation.

The basic objective is to provide a register for the material stored in the
genebank. The main requirements are:

1. The identi�cation on the vessel must be unique in the genebank and lead
directly to the information about it in the database. This means, that
any sample taken out of the genebank must lead solely through its vessel
identi�cation to information about this sample.

2. The information in the database about a sample in the genebank must
lead directly to the actual sample in the physical store. This means,
that a record about a sample in the database must through its location
information lead directly to the correct vessel in the genebank store.

3. The application must have the capability to be nationalized.

4. The database should be accessible through the Internet, allowing central-
ized and non centralized data entry.

5. The system should be usable for all possible genetic materials (semen,
oocytes, embryos, somatic cells, DNA, blood) and all possible types of
used vessels (straw, tube, cane, vial, ampule) in a uniform manner.

6. For hygenic reasons, the history of all material movements in the physical
store is recorded.

7. The database should store a minimum amount of information for the ma-
terials, that is expected to be needed and available for the next decade.

8. The information stored should be uniformly available across all species
and populations.

9. From its content and operations the information system has to be able
to be run for an extended time span as is appropriate for long term
genebanks.
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3 Implementation

We aim to use open source components and software as much as possible. APIIS,
which is a framework for adaptable platform independent information systems
[6], meets the above requirements. Consequently, our information system was
developed within this framework. So, both the database structure and the
application architecture are based on APIIS.

3.1 Database Design

The data structure of the database is composed of the components of the data
to be recorded which are derived from the above stipulated functionality. The
reasoning for choosing them is given in [4]. It is based on the objective to have
generally available information that is not speci�c to any species or breed and
that can be the basis for later ex post data collection. On the basis of scaled
colour images a number of measurements can be taken on the animal. Here,
only the blocks of data are presented. These are:

• administrative data: species, breeds, codes, addresses, protocols, locations

• animal information: animal ID, sire, dam, sex, species, breed, birth date,
GPS location, scaled photo, organization, and comment

• sample information: animal ID, material type, production protocol, pro-
duction date, freezing date, vessel ID, number of replicates (e.g. number
of straws for semen), storage location, comment

The database structure of our information system is shown in Figure 1. The ad-
ministrative data and animal information are kept in the core tables of APIIS
[6] (codes, unit, naming, address, animal, transfer, blobs) and one additional
table (protocols). The central part of the information system, the sample man-
agement, is handled by the three tables �samples�, �vessels�, and �stocks�. A �ve
level hierarchy (location|tank|canister|level|cell) is used to manage the storage
places of samples in a genebank. This structure is covered by the stock table.
To track the history of all material movements in the physical store, two extra
tables (stock_history, movements) are added.

Figure 1: Database Structure for National Genebank Management
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3.2 Application Architecture

The information system is based on the three-tier Web application architecture
as shown in Figure 2. In this architecture, users (client tier) interact with the
system via a web browser. In fact, the web browser is the only medium to access
the database, all outputs have to be initiated through it. There is interactive
output as a result of queries, as well as list outputs in pdf format. Web pages
are generated in accordance with W3C in order to work with many di�erent
web browsers (e.g. Firefox, Internet Explorer, Opera, Konqueror).

Figure 2: Web-based application architecture

The middle tier is coded in Perl and is driven by APIIS running under
Apache2 web server. The application code (CGI scripts) is developed from
open source packages available free from CPAN. The user interface (Figure 3)
is rendered as Hypertext Markup Language (HTML) using templates. Jasper-
Reports [7] which an open source reporting library is integrated into APIIS
to compile and generate analysis reports automatically from given templates
designed by iReport.

The backend tier is an SQL92 standard Relational Database Management
System (DBMS). Currently we use PostgreSQL as a default backend. The
database is built from the data model �le, a XML �le, created from the APIIS
tool [8]. The system can be used in a multi-user environment with the user
privileges being managed by the access rights management in APIIS.

Figure 3: A web interface for sample management
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4 Conclusions

In this paper we have presented basic requirements for national genebank infor-
mation system management. Based on analyzed data model, we have success-
fully implemented a Web-based information system using the APIIS framework
and other open source packages. It is suitable for long term management of sam-
ples in a national genebank. The deployment of our software system might be
done via the virtualization technology as an appliance to reduce hardware costs
and time for con�guration, monitoring and maintenance. Under Open Source
GNU public license, our system can be used out of the box for institutions or
organizations requireing such a system.
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