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INTRODUCTION 
Atlantic salmon is one of the most important aquacultural fish species with a yearly production 
in the European countries of more than 600,000 tons (year 2000, 
http://www.feap.org/salprod.html). The importance of the species has been reflected in the 
increased interest in understanding the molecular evolution and molecular genetics of the 
species. Atlantic salmon, along with other salmonid species, went through a genome 
duplication 50-100 million years ago (Ohno et al., 1969), so it has to be expected that 
considerable gene duplications are present in the genome. Genetic maps of different salmonid 
species are currently being constructed based on primarily anonymous microsatellite markers. 
However, the number of known gene sequences in the public databases are limited reducing 
the effectiveness of gene expression studies and the genetic characterisation of QTLs. The 
current project aims at increasing the number of known Atlantic salmon EST sequences 
considerably. 
 
MATERIALS AND METHODS 
cDNA libraries from nine different tissues were constructed using standard protocols. The 
tissues selected were : kidney, liver, gill, intestine, brain, muscle, testis, ovary, and spleen. A 
limited number of these clones were sequenced to give an impression of the occurrence of 
abundant clones in the libraries. Subtractive libraries using a cDNA probe generated by 
reverse-transcription of the respective tissue mRNA or normalised cDNA libraries (Soares et 
al., 1994) was constructed to improve the representation of rare cDNA clones in the material. 
Sequencing were performed on automatic sequencers (ABI or MegaBace) or by commercial 
laboratories. The sequences were analysed using the programs PHRED (Ewing and Green, 
1998 ; Ewing et al., 1998), PHRAP (http://www.phrap.org/index.html) and POLYBAYES 
(Marth et al., 1999) to identify overlapping contigs among the sequenced ESTs and potential 
single nucleotide polymorphisms (SNPs) in the sequence material. All obtained sequences have 
been analysed by the programs BLASTX and BLASTN against the public genomic and EST 
databases to identify the appropriate genes among the obtained ESTs. 
 
RESULTS 
An average of more than 1,000 cDNA sequences were generated from each tissue specific 
cDNA library, the majority of these were from the subtractive or normalised libraries. A total 
of more than 15,000 EST sequences has been obtained during the project. The distribution of 
the number of ESTs from each of the nine tissues is indicated in table 1.  
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The use of the POLYBAYES software identified more than 400 potential SNP sites within the 
obtained sequences. However, these potential SNPs have to be validated using other methods 
for genotyping the corresponding alleles.  
 
Table 1. Distribution of number of ESTs from different tissues of Atlantic salmon 
 
 Tissue SequencesA ContigsB 
 
 Kidney 762 79 
 Liver 831 189 
 Gill 1440 173 
 Intestine 1440 200 
 Brain 4184 367 
 Muscle 4254 514 
 Testis 903 177 
 Ovary 820 172 
 Spleen 865 99 
 
A Number of EST sequences obtained from cDNA clones from the tissue. 
B Number of contigs (two or more sequences aligned) identified using the PHRED/PHRAP analysis 
software using the sequences obtained from the cDNA library from the specific tissue. 
 
DISCUSSION 
During this project a total of more than 15,000 cDNA clones from different libraries have been 
sequenced and will eventually be publicly available through Genbank. Most of the EST 
sequences obtained are generated from the 5’ end of the clone insert, as the initial sequencing 
showed a large proportion of very long poly-A tails making sequencing from the 3’ ends of the 
genes very difficult.  
 
The use of the PHRED/PHRAP software has identified a number of contigs (that is alignment 
of two or more overlapping sequences). However, a large proportion of the sequenced ESTs 
did not assemble with other sequences using this approach either because they represent 
different regions of the genes or are derived from different genes. The analysis to determine the 
complete number of different genes in the dataset are not yet completed. 
 
A large number of potential SNPs have been identified. These have to be validated, as the 
POLYBAYES software identifies potential SNPs based on sequence alignment and assigns a 
probability value of the SNP based on this alignment. Within POLYBAYES it is possible to 
identify sequences originating from different paralogous genes provided the necessary 
information on sequence differentiation can be provided as the identification is based on an 
empirical evaluation of the sequence differences over a region of approximately 250 bp 
between known paralogous genes (Marth et al., 1999). However, this information is not 
currently available for Atlantic salmon, and because of the genome duplication event the 
number of paralogous genes is expected to be higher in salmonids than in mammalian species. 
Also, although the POLYBAYES software takes sequence quality into consideration when 
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evaluating potential SNPs, the quality threshold for including a specific nucleotide in the 
analysis has to be invoked manually. It is therefore necessary to inspect the potential SNPs to 
eradicate sequence errors, and to identify sites originating from comparison of homologous 
genes that have evolved slightly differently since the duplication of the genome 50-100 million 
years ago.  
 
The collection of cDNA clones obtained during this project is a valuable tool in future studies 
on gene expression within salmonids. The possibility of using the cDNA clones for 
construction of cDNA microarrays enables comprehensive analyses of differential gene 
expression between individuals exposed to different treatments. This will be a highly 
interesting approach to obtain information on genes involved in physiological processes like 
for instance the response mechanisms to pathogen infections, which are a large economical 
problem within the aquaculture industry. The identification of potential candidate genes 
through such a gene expression analyses coupled with a traditional QTL approach will 
facilitate the elucidation of genetic mechanisms in resistance towards the pathogens. 
 
The main result of this project has been that the number of EST sequences from Atlantic 
salmon has been increased substantially. This gives a substantial contribution to the future 
work in salmonid genomics, where the continued work with analysing QTL’s and single gene 
characters benefits from the increased knowledge on gene sequences and the incorporation of 
the genes in the genetic maps made possible through the extended identification of SNPs 
within the gene sequences. 
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