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Abstract
Codon bias, the unequal use of synonymous codons, has been documented in several animal phyla.  To characterize the extent and pattern of codon bias among animal taxa, genes from the phylum Porifera were analyzed.  The DNA sequences of 5 genes from 4 species within this phylum were obtained from the nucleotide database at the National Center for Biotechnology Information.  The open reading frames of the genes were analyzed and valine codons identified.  The most commonly used valine codon in this sample of Porifera genes was GTT (39%).  Other valine codons were used less frequently, GTG (18%), GTC (23%) and GTA (20%).  This pattern of codon usage was significantly different from random usage (Х2 = 22.81; d.f. = 3; P < 0.0001), demonstrating that Porifera exhibits codon bias.  The relative usage of the 4 valine codons in Porifera was compared to several well characterized model organisms.  Porifera’s valine codon usage was most similar to usage in Drosophila melanogaster and Homo sapiens and less similar to usage in Caenorhabditis elegans and Saccharomyces cerevisiae.
Introduction

Codon bias is the phenomenon where synonymous codons are not used randomly, but instead some of the synonomous codons are used more frequently than others.   This unequal codon usage has been documented in both prokaryotes and eukaryotes, including complex multicellular animals such as the Drosophila melanogaster, Caenorhabditis elegans (Duret and Mouchiroud, 1999) and Homo sapiens (Karlin and Mrazek, 1996). 
In single cell organisms such as yeast there is significant circumstantial evidence that selection for translational efficiency results in codon bias (Ikemura, 1985).  For example, preferred codons correspond to the most abundant tRNA’s in the cell.  Additionally, highly expressed genes show more codon bias than gene expressed at lower levels.  The evidence implicating selection in codon bias in multicellular organisms is less clear.  For example, although highly expressed genes of arthropods and nematodes show more severe codon bias, a similar pattern is not observed in mammals (Duret and Mouchiroud, 1999).  In mammals, it has been suggested that codon bias may be caused by directional mutation. (Sharp and Matassi, 1994).  To better understand the significance of codon bias in animals, other taxa need to be characterized for the phenomenon.
The purpose of this study was to survey the animal phylum Porifera for codon bias.  Porifera are the sponges, the simplest of the multicellular animals.  Therefore, they represent an intermediate between complex multicellular organisms and simple single cellular organisms.  In this study, the usage of synonymous valine codons was characterized for 5 different genes representing 4 different species of Porifera.  Significant codon bias was observed. Further study of this taxon may provide insight into the significance of codon bias in multicellular eukaryotes

Methods
Selection of Porifera Genes

Sequences for Porifera genes were obtained using the Entrez search engine for the nucleic acid database at the National Center for Biotechnology Information (NCBI, 2004a).  To identify Porifera genes, the search terms “Porifera complete cds” were used.  The database entries identified were examine to ensure that they were Porifera nuclear genes and had an open reading frame at least 300 nucleotides long.  No more that 2 genes from any one species were used.  The first 5 genes that met these criteria were selected for further study.
Analysis of Valine Codons.

The nucleotide sequences of the open reading frames were obtained using the “cds” function on the NCBI database.  The codons of the genes were identified using the “ORF Finder” program. (NCBI, 2004b).  The total number of times each of the 4 valine codons occurred in each gene was recorded.  Chi-Square Goodness of Fit was used to test whether the valine codon usage pattern was significantly different from non-biased random usage.  Valine codon usage for Caenorhabditis elegans, Drosophila melanogaster, Homo sapiens and Saccharomyces cerevisiae were obtained from codon usage database (Nakamura, 2004).
Results

A total of 159 valine codons were identified in five genes from the phylum Porifera (Table 1).  The most frequent valine codon, GTG, was used 39.6% of the time.  The other valine codons were used less frequently, GTT at 27%, GTC at 17.6% and GTA at 15.7%.   This distribution of codon usage was found to be significantly different from random usage (Table 2).  Therefore, Porifera exhibits biased usage of the four valine codons.

When analyzed individually, 4 of the 5 genes showed a similar preference for the GTG codon.  For 3 of the genes (accession numbers AB049593, AB006557, and AF098670) GTG was the most frequently used codon (40.7%, 42.%, and 47.6% respectively).  For accession number AF005357, GTG and GTT were used with equal frequency, 36.8% usage.  The greater exception to this pattern was the Geodia cydonium calmodulin gene where GTC was used most frequently, at 50% usage. For this gene GTG was only used 28.6% of the time. 

The pattern of valine codon usage of Porifera was compared to model species from other phyla, Caenorhabditis elegans, Drosophila melanogaster, Homo sapiens  and Saccharomyces cerevisiae (Figure 1).  Of the model species, D. melanogaster and H. sapiens had nearly identical patterns of usage for all four valine codons, including preferential use of GTG at 40%.  C elegans and S cerevisiae had a different preferred codon, GTT at 39%.  Porifera was more similar to D. melanogaster and H. sapiens in terms of its preferred usage of GTG.  
Discussion

Porifera displays significant bias in its use of valine codons.  GTG was found much more frequently that would be expected  than if codon usage was random.  The observation that this phylum displays codon bias is consistent with the hypothesis that codon bias is a common characteristic of all animal phyla.


Porifera are among the simplest of multicellular eukaryotes in terms of cell types and body plan.  In complexity they are closer to S. cerevisiae and C. elegans than H. sapiens and D. melanogaster.  Therefore, it was surprising that the pattern of valine codon usage of Porifera was found to be more similar to the complex species, H. sapiens and D. melanogaster.   This suggests that there is not a simple relationship between the complexity of body plans and patterns of codon bias.  This study was limited to the codons for valine.  It would be interesting to see if this relationship among the phyla was also observed for the synonymous codons of the other amino acids.

In this limited study of only 5 genes, the Porifera taxa were not thoroughly surveyed.  The gene sequences came from only 4 species.  All 4 species were from the same class of Porifera, Demospongiae; 2 were from the subclass Tetractinomorpha (Tethya aurantia and Geodia cydonium) and 2 were from the subclass Tetractinomorpha (Ephydatia fluviatilis and Ophlitasphongia tenuis) (NCBI, 2004c). Genes from the other 2 classes of Porifera, Calcarea and  Hexactinellida, were not analyzed.

For 4 of the Porifera genes, GTG was the most common valine codon.  However, the calmodulin gene from G. cydonium used GTC most frequently.  This suggests that G. cydonium might have a different pattern of codon usage than other species of sponges.  However, calmodulin was also the smallest of the genes analyzed and only had 14 valine codons.  Therefore, this variation in codon usage may simply be an artifact of a small sample size.  The NCBI database lists 77 other nucleotide sequences for this species (NCBI, 2004a).  Analyses of these other 77 genes could help clarify whether G. cydonium has a different pattern of valine codon usage than the other sponges.
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Table 1: Valine Codon Usage in Porifera Genes. 





The number of times each valine codon was found in each Porifera gene was analyzed.  The NCBI accession numbers correspond to the following genes, ABO49593; Ephydatia fluviatilis tyrosine kinase gene,  AB006557; Ephydatia fluviatilis receptor protein for tyrosine kinase gene, AF098670; Tethy aurantia beta silicatein gene, AF005357; Ophlitaspongia tenuis integrin subunit gene, GCY16818; Geodia cydonium calmodulin gene.





Accession #		GTC		GTG		GTT		GTA





AB049593		9		11		5		2


AB006557		1		17		12		10


AF098670		5		10		4		2


AF005357		6		21  		21		9


GCY16818		7		4		1		2





Total			28		63		43		25








Table 2: Chi-Square Goodness of Fit Analysis of Valine Codon Usage in Porifera





The null hypothesis that the 4 valine codons were used with equal frequency in Porifera was rejected (Х2 = 22.81, d.f. = 3, P < 0.0001)   





Codon		Observed (O)		Expected (E)		(O-E)2/E		





GTC		28			39.75			  3.47


GTG		63			39.75			13.60


GTT		43			39.75			  0.27


GTA		25			39.75			  5.47       


							Х2 =     22.81








Figure 1: Usage of valine codons in Porifera (   ), Caenorhabditis elegans (   ), Drosophila melanogaster (   ), Homo sapiens (   ) and Saccharomyces cerevisiae (   ). 








