
Perspective Note

Use of emerging genomic and proteomic technologies in fish physiology
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Abstract

The sequencing of the human genome represented a watershed in the biological sciences. Post-genomic biology will be marked not only
by vastly greater knowledge about the human genome and those of other species but will see an increasing application of novel and highly
sophisticated technologies. Genomic strategies, together with those that look at the proteome of cells and tissues, are likely to revolutionize
scientific research over the coming years. The ease with which novel and homologous genes can be isolated using the new databases and
technologies, and the ability to study the expression of thousands of genes simultaneously at a global cellular level will be the major factors
in this revolution. Genomic information is already being used to further our understanding of physiology and gene evolution in fish.
Furthermore, the highly compact pufferfish (Takifugu rubripes) genome is being used extensively as a model to interpret those of tetrapods.
Currently, studies of the fish genome are limited to gene evolution and to a much lesser extent, environmental toxicology. However, as
interpretation of fish genomes gathers pace, we are likely to see the increasing involvement of other key areas such as reproduction, growth,
pathology of disease, and flesh development/quality. Here, we present some of the advanced genomic technologies currently available and
discuss how these might influence our knowledge of fish biology. © 2002 Éditions scientifiques et médicales Elsevier SAS. All rights
reserved.

Keywords: Genomic; Proteomic; Fish; Teleost; Physiology

Post-genomic tools and strategies look set to revolution-
ize the way in which biological research is undertaken. It is
becoming possible to glean enormous amounts of informa-
tion about biological systems within very small time frames.
The common application of emerging genomic and pro-
teomic technologies will play a vital role in the progression
of science and our biological understanding of many organ-
isms; fish are no exception. Of course, biotechnology
already plays a significant role in the aquaculture industry.
Sophisticated approaches such as ploidy manipulation, gy-
nogenesis (all maternal inheritance), androgenesis (all pater-
nal inheritance), gene transfer and marker-assisted selection
are regularly utilized in at least some cultured species
(Thorgaard, 1995). These biotechnological approaches are,
however, only geared at the genetic improvement of desir-
able broodstock traits (such as sex control, growth rate,
environmental tolerance and disease resistance), largely by
chromosome set manipulation and improved selection. Al-

though molecular techniques have further allowed us to
isolate a suite of key genes such as the vitellogenin receptor,
various cathepsins (B, D and L), and the receptors for
growth hormone, thyroid hormone and prolactin (e.g.
Brooks et al., 1997; Prat et al., 1998; Calduch-Giner et al.,
2001; Marchand et al., 2001; Santos et al., 2001; Kwon et
al., 2001) from commercially important fish, we still know
relatively little about their regulation and global interaction.

Post-genomic technologies now offer the fish biologist
the opportunity to gain far greater insight into the cellular
and molecular mechanisms involved in the regulation of key
physiological processes. This is particularly true of the
various cellular signalling mechanisms controlling these
vital processes. Genomic and proteomic technologies can be
expected to prove important for fish physiology in three
main areas: firstly, as a comparative means of analysing
gene evolution; secondly, as a way of undertaking a global
analysis of cell and tissue signalling pathways involved in
physiological mechanisms regulating growth, reproduction,
pathology of disease, stress physiology, and flesh quality;
and finally, as a way of rapidly identifying novel proteins,* Corresponding author.
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and fish homologues of known proteins shown to play
important roles in other animal groups.

Much of the present focus in fish genomics concerns the
analysis of gene evolution (Meyer and Malaga-Trillo, 1999;
Postlethwaite et al., 2000; Naruse et al., 2000; Taylor et al.,
2001), especially in terms of the evolutionary and functional
divergence of genes after duplication. This said, there still
remains much debate on the origin of duplicated fish genes
(Robinson-Rechavi et al., 2001). Mitochondrial genomes
(mitogenomes) are becoming increasingly popular in the
study of ancient divergences amongst many animal groups
(Curole and Kocher, 1999) but are proving especially useful
in fish (Miya et al., 2001), the most diversified group of all
vertebrates, comprising over 23 000 species. A database
containing groups of orthologous genes with one copy from
man, mouse, chicken, xenopus and several copies from
ray-finned fish (Actinopterygii) has recently been devel-
oped. Known as “Wanda”, this curated database is expected
to prove useful in the comparative study of gene evolution
(Van de Peer et al., 2002). Further genomic resources for
fish include ZFIN (Sprague et al., 2001), COG (Tatusov et
al., 2001), PALI (Balaji et al., 2001) and HOVERGEN
(Duret et al., 1994). A genomic study of the three-spined
stickleback Gasterosteus aculeatus (L.) recently provided
many clues to the genetic changes that define a species
(Peichel et al., 2001). With the completion of the human
genome, it is clear that emphasis will soon switch from data
gathering to interpretation. Evolutionary comparisons show
that the vertebrate genome is highly conserved. Compara-
tive genomics, using “model” organisms, is likely to pro-
vide a powerful tool for such interpretation. Perhaps the best
known fish genome at present is that of the pufferfish
Takifugu rubripes (Temminck and Schlegel). Whilst ray-
finned fish generally contain more copies of genes than
other vertebrates, the pufferfish only possesses a very small
genome and is thereby a highly useful model system (Elgar
et al., 1996; Graves, 1998). Remarkably, the Fugu genome
contains essentially the same genes and regulatory se-
quences in approximately 400 million bases as compared to
the 3 billion bases that make up the human genome. A
further compact genome being developed is that of another
pufferfish, Tetraodon nigroviridis, a species 20–30 million-
years distant from T. rubripes (Crollius et al., 2000). The

zebrafish Brachydanio rerio (Hamilton) is also proving
useful as a test system for functional genomics and thera-
peutic development application. Zebrafish embryos offer a
system that rapidly provides efficacy, toxicity and specific-
ity data within an in vivo setting (Nasevicius and Ekker,
2001).

Although fish genomes are being extensively used in the
analysis of gene evolution, genomic approaches have yet to
receive the full attention of more physiologically minded
scientists. As the interpretation of fish genomes gathers
pace, we are likely to see increasing efforts to exploit this
multitude of information in those areas beneficial to the
aquaculture industry. These areas might, for example, in-

clude the specific signalling events controlling resource
partitioning between growth and reproduction, oocyte se-
questration of the yolk precursor vitellogenin,
fertilization/egg activation and the pathology of disease.
Until recently, studies of cellular signalling pathways have
necessarily tended to focus on particular signalling path-
ways or responses in isolation. With recent advances in
genomic and proteomic approaches, it is now possible to
undertake a much more systematic comparison of the
changes in mRNAs and proteins that occur downstream of
a signalling pathway at the global level. In contrast to
traditional approaches which focus upon one or a small
subset of genes, modern gene expression profiling allows us
to study global patterns of gene expression, as it allows
simultaneous assessment of the expression levels of thou-
sands of mRNAs. A key technique in such global gene
expression measurement is the DNA micro-array in which
glass or silicon slides are arrayed with cDNAs or oligo-
nucleotides complementary to transcripts from several thou-
sand genes (Friend and Stoughton, 2002). The most sophis-
ticated of these micro-arrays, also known as “DNA chips”,
are wafers no bigger than a thumbprint. The total mRNA
expression from two samples, for instance, cells before and
after a signalling response, can be compared on a single
micro-array by converting each mRNA into a cDNA probe
that incorporates a different fluorochrome (Deyholos and
Galbraith, 2001). After probe hybridization, fluorescence
measurements are converted into ratios of relative gene
expression that reflect the difference in mRNA levels
between samples. Alternatively, samples can be radioac-
tively labelled and compared separately on identical micro-
arrays. An important aspect of such analysis will be its
ability to reveal the full scope of regulatory pathways. In
what has been called the “guilt-by-association” approach, if
genes in a tissue are found to switch on and off together in
response to a stimulus, this can be a good indication that
they are linked together in the same signalling pathway. The
DNA micro-array is likely to become an incredibly power-
ful technique with which one can compare a normal fish
gene population with one that has been manipulated experi-
mentally. Such manipulations might involve ecotoxicity
tests using endocrine-disrupting chemicals for example.
Aquatic ecotoxicologists are already beginning to harness
the power of genomic technology (Wise et al., 2002).

Use of micro-arrays in this manner is unsuitable for
comparing global differences in gene expression between
single cells. However, there are now amplification tech-
niques that can generate cDNA from as few as a hundred or
so cells that can then be used to make a probe for
micro-array analysis. Another emerging technique is poly-
merase chain reaction serial analysis of gene expression
(PCR-SAGE). In SAGE, mRNA is converted to cDNA and
short expressed sequence tags (10 base pairs in length) are
isolated from a defined position (Velculescu et al., 2000). By
combining SAGE with PCR amplification, it has been
possible to create a SAGE catalogue from as few as nine
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human oocytes (Neilson et al., 2000) and it should ulti-
mately be applicable to single cells. Studies indicate that
SAGE can generate gene expression profiles with a quanti-
tative similarity to those generated by micro-array analysis
(Ishii et al., 2000). A key task in the future development of
PCR-SAGE will be to make it a truly quantitative approach,
using such innovations as real time PCR (Freeman et al.,
1999), so that SAGE catalogues prepared from a single cell
truly reflect the mRNA population of that cell.

While enormously powerful, approaches to global analy-
sis of gene expression focused solely at the mRNA level
nevertheless cannot provide a complete picture of the
changes taking place in the cell during a signalling response
and there is some concern over the correlation between
protein level and mRNA. Genomic approaches also provide
little or no information about co- and post-translational
modifications such as phosphorylation, glycosylation, pre-
nylation, ADP-ribosylation, or processing by limited pro-
teolysis. This is particularly important as many signalling
responses initially involve such post-translational changes,
phosphorylation in particular. Proteomic approaches must
be included in any study that aims to uncover the global
pattern of protein expression, including post-translational
modifications, within the cell (Dongre et al., 2001). The
rapidly expanding field of proteomics relies heavily upon
the use of two-dimensional electrophoresis of protein
samples. This technique allows simultaneous separation of
thousands of proteins at a time, excellent reproducibility,
and ability to exhibit post-translational modifications. Re-
producibility has been greatly increased by the use of IPG
(immobilized pH gradient) technology and precast PAGE
(polyacrylamide gel electrophoresis) gels (Fey and Larsen,
2001). Comparison of the proteome of two samples has
traditionally been complicated by variations between gels.
However, fluorescence 2D differential gel electrophoresis,
where the protein samples are labelled with different fluo-
rophores, has now made it possible to compare two samples
on the same gel (Unlu et al., 1997). By linking such a
technique to imaging software, an automated spot picker
and protein identification techniques such as MALDI-TOF
based peptide mapping (matrix-assisted laser
desorption/ionization—time of flight mass spectometry), it
is now possible both to compare the protein profiles of two
tissues or before and after a tissue response, and to identify
the proteins that are different in each case (Dongre et al.,
2001). Ultimately, it seems likely that the same arraying
technologies that are revolutionizing genomics will also
transform proteomics, but at present “protein chips” that
will allow the study of protein–protein interactions within
the cell, are still in the early stages of development, with
many technical problems still to be solved (Figeys and
Pinto, 2001). Proteomic techniques are, however, already
being utilized in fish biology. For example, Pineiro et al.
(2001) report the use of proteomics in the characterization
and partial sequencing of species-specific sarcoplasmic
polypeptides in a marine fish of high commercial value.

The other main area where genomic technologies may be
expected to transform fish physiology research is in identi-
fying novel signalling proteins and homologues of known
proteins in a variety of fish species. A variety of fish species
are the subject of genome initiatives. As part of these
initiatives, EST (expressed sequence tag) databases, cDNA
databases, and DNA arrays are being created based on many
different tissues from a range of species. These include
model species such as zebrafish, medaka Oryzias latipes
(Temminck and Schlegel) and pufferfish, but also commer-
cially important species such as Atlantic salmon Salmo
salar (L.) and tilapia Oreochromis niloticus (L.). Generation
of these resources can be expected to transform our ability
to identify important new proteins involved in fish tissue
and cellular mechanisms as it will allow the rapid isolation
of novel proteins along with homologues shown to be
important in other species. It will be thus possible to
generate a range of antibodies, fluorescent probes and other
molecular tools that can used to study the physiological
function of these proteins. One potential drawback that
might hamper the future exploitation of some fish genomes,
is that owing to genome duplication on the fish lineage
(though there is still some debate on this issue; Robinson-
Rechavi et al., 2001), many gene families appear to be
typically half the size in land vertebrates than they are in
fish (Meyer and Malaga-Trillo, 1999). This might be a
factor that impedes the analysis and accurate interpretation
of fish genomes.

These are exciting times for the fish physiologist. As we
enter the post-genomic era and become acquainted with the
almost bewildering array of genomic and proteomic tech-
nologies that are becoming available, the opportunities for
highly technological and elegant research will become
plentiful. On the one hand, the ease with which novel and
homologous genes can now be isolated will mean that
molecular tools can be rapidly created for functional studies.
Cross-species comparisons will become far more feasible
and wide reaching. On the other hand, the emphasis of
post-genomic approaches on global analysis represents a
paradigm shift in the biological sciences. One criticism of
modern molecular biology has been that although its reduc-
tionist approach has been remarkably successful in identi-
fying large numbers of novel genes involved in cell physi-
ology and embryonic development, it has been less
successful at showing how these interact functionally within
the context of the living cell, tissue or organism. The ability
to simultaneously study the expression of thousands of
genes at both the mRNA and protein level offers the
possibility of going beyond the limits of such reductionism,
albeit from a highly molecular basis. The combination of
these two features of post-genomic biology will in no
uncertain terms revolutionize our understanding of fish
physiology, evolution, adaptation and development. Ulti-
mately, these advances ought to prove very fruitful in the
many species of fish that are cultured commercially as well
as in those species used purely for laboratory research.
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Furthermore, the use of fish as a “model system” in the
interpretation of the genomes from other taxa, should yield
significant insight into the mammalian genome.
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