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Much research at the national and international level has
been devoted to the development of several genetic
methods for use in the characterization of fish stocks. We
have developed a database that collates data from
population genetic studies of fish. This database is accessible
to researchers and control authorities on the Internet and
should serve as a repository for genetic information of
commercially important fish species. The prototype data-
base has been developed in such a way that the new
information can easily be updated by researchers in the field,
who can submit their own data. The site can be found at
http://fishgen.jrc.it.

Several genetic methodologies have been developed in order
to identify the origin of fish stocks. There is a need to gather
this data in a database which is easily accessible to researchers
and control authorities. The main objective of our work was
to develop a prototype database for the collation of data
from population genetic studies of fish. This database is
accessible to all members of the scientific community
through the Internet and should serve as a repository for
information about genetic differentiation of stocks of
commercially important fish species. It includes data from
fish studies involving various methodologies and techniques
applied in fish genetics: allozyme electrophoresis, restriction
fragment length polymorphism (RFLP), DNA sequencing,
and DNA microsatellites. Furthermore, this database will
allow molecular biologists working on genetic fish identifi-
cation to rapidly and efficiently access the existing in-
formation about materials, methods, and obtained results for
the desired species.

Systems and Methods
Type and Quality of Information

The use of molecular genetic techniques in fisheries research
has grown over the past several years due to an increased
awareness of the value of genetic data. We have chosen data
for four types of analysis applied in fish genetics (allozyme,
RFLP, sequencing, and microsatellite analysis).

Allozyme Analysis

Isozymes are functionally similar but separable forms of
enzymes encoded by one or more gene loci. The isozymes
that are products of different alleles at the same gene locus
are termed allozymes (Markert and Moller 1959). Isozymes
and allozymes are usually run on starch gels. Alternative
forms of a given protein are separated on the basis of
differences in their net charge (a function of their amino acid
sequence), size, and shape. After the end of electrophoresis,
isozymes are stained with a wide variety of stains, depending
on the locus visualized. Different alleles (polymorphism) are
viewed as separate bands on the starch gel. This technique
can be useful for defining genetic markers for fish stock
identification, as evidenced by numerous studies that
document differences in protein allele frequencies or
different diagnostic alleles, between stocks.

RFLP Analysis

The development of DNA amplification using the poly-
merase chain reaction (PCR) (Saiki et al. 1988) resulted in an
increasing number of molecular techniques which are now
being applied, such as RFLP analysis. Restriction enzymes
are used to digest DNA strands at a specific location
(recognition site), resulting in a number of DNA fragments.
These fragments can be separated by gel electrophoresis, and
differences in the pattern of the fragments between
individuals are called RFLPs (Dowling et al. 1990). An
RFLP may result from a base substitution that causes the
gain or loss of a restriction site, or from an insertion/deletion
mutation.

A distinct restriction pattern for each enzyme is denoted
with a capital letter, and each fish is assigned a multiletter
code that describes its composite mtDNA genotype. This
method has been widely used to detect DNA variation
between populations, as well as for the discrimination of
different fish stocks.

Sequencing Analysis

The most common method of DNA sequencing is the
dideoxy-termination method (Sanger et al. 1977). In this
procedure, a primer is used to initiate synthesis of new
strands of DNA; only one primer is used and consequently
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only one of the two strands is synthesized. In addition to the
regular nucleotides used in a normal synthesis reaction,
modified (dideoxy) nucleotides are added to a sequencing
reaction. This modification prevents the formation of the
phosphate bond that would link the next nucleotide of the
chain. Thus synthesis is terminated on the addition of
a modified nucleotide, and the result is a population of
fragments of different sizes. These fragments are labeled by
either radioactive or fluorescent detection methods and then
separated on a high-resolution electrophoretic gel; different
genotypes are denoted as nucleotide sequences with the
variable (polymorphic) nucleotide positions. This technique
provides an unusually sensitive method for exploring
differences among populations within species.

Microsatellite Analysis

Over the past 10 years a great number of fish studies have
been published involving single-locus minisatellites or
microsatellites, known as variable number tandem repeats
(VNTR) loci. Microsatellites have a unit length of 1–6 bp,
repeated up to about 100 times at each locus of nuclear DNA
(Tautz 1989). Mutation rates are high, and heterozygosity is
also high. Microsatellite loci can be studied by developing
primers specific to unique flanking domains of individual
microsatellite loci, allowing amplification and description of
separate alleles.

Individual alleles at a locus differ in the number of
tandem repeats of the unit sequence, and for this reason they
can be differentiated by gel electrophoresis according to their
size. Microsatellite markers have proved particularly valuable
for fish stock discrimination because of the high levels of
polymorphism compared with other genetic markers.

Data Collection

Genetic data from the above methodologies have been
gathered for 11 fish species and stored in the prototype
database (Clupea harengus, Diplodus sargus, Esox lucius, Gadus
morhua, Leuciscus cephalus, Merlangius merlangus, Merluccius

merluccius, Oncorhynchus keta, Oncorhynchus tshawytscha, Salmo

salar, Salmo trutta): allozyme data (Bernatchez and Osinov
1995; Imsiridou and Triantaphyllidis 2001; Imsiridou et al.
1997; Lenfant and Planes 1996); RFLP data (Apostolidis et
al. 1996; Cronin et al. 1993; Hansen and Loeschcke 1996;
Imsiridou et al. 1998; Kornfield and Bogdanowicz 1987);
sequencing data (Apostolidis et al. 1997; Bernatchez et al.
1992; Carr and Marshall 1991; Carr et al. 1995; McVeigh et al.
1991); and microsatellite data (Estoup et al. 1993; McConnell
et al. 1995; Miller and Kapuscinski 1996; Rico et al. 1997;
Tessier et al. 1997).

Data Organization

The database stores information on fish species, sample
locations, analysis methods and results, and the authors of
each study. The specifications of how these data are
incorporated and represented in the database are described
in the ‘‘glossary of terms and characteristics of fields in the

database,’’ which the user can access by clicking on the
Information window.

Data Management

We have given considerable thought to how the data should
be input. Access to the database is divided in to three
different categories: database administrator, users with
insertion privileges (accredited experts), and read-only users.
Initially, because the staff responsible for database mainte-
nance will input data, quality control will be less problematic.
At present, because there is no validation mechanism in the
database and the Web interface, only a small number of
accredited experts will be allowed to manage the data in the
database. All other users of the database will have read-only
privileges. Two methods of user-validated data entry are
under development: by using HTML forms and PHP, and by
using Java applets on the client side connected by a TCP
socket to a server-side application accessing the database via
JDBC.

Database Development and Implementation

During the analysis phase we developed an off-line version
of the database using the standard relational database
application, Microsoft Access, which can be used on a PC.
The main purpose was to check the validity of the data
structure emerging from the entity-relationship diagram. The
Access version of the database is now available on a CD-
ROM. We then established a Web-accessible version using
open source software Postgre SQL, which includes an object
relational database management system.

Web Interface

The Web-database prototype was implemented according to
the design considerations. The site URL is http://fishgen.
jrc.it, and the first thing the user sees on the site is a wel-
come page. Once the user has entered the valid login (jrc)
and password (guest), the user can access the main page with
its three different navigation buttons (species, location,
author).

Discussion

This is the first database to draw together a wide variety of
genetic data (allozyme, RFLP, sequencing, microsatellites)
from fish stock populations. These data can assist
researchers and control authorities in identifying the origin
of a fish stock by providing a collation of genetic data with
which they can do calculations and make comparisons with
their own data. Suggestions on how a researcher can use the
database to find the most probable origin of a fish stock are
described in the ‘‘user document,’’ which can be accessed by
clicking on the Information window link.

This database will assist researchers and scientific officers
in making initial estimates of stock structure and differen-
tiation. It will also provide researchers with a centralized
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repository for their results, allowing them to share data more
effectively with others. The database will facilitate the
development of scientific and management programs on the
study and conservation of commercially important fish
stocks.
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