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1. Input 

The user can search for any species or a taxonomic group represented in the RefSeq database (version 

207). Searches can be done by taxonomic ID (e.g., “9606”), scientific name (e.g., “Homo sapiens”) or 

common name (e.g., “human” or “primates”). The user can then select one option from a dropdown 

menu (Figure 1). 

 

 

Figure 1. Front page of the Codon Statistics Database. 

 

  

http://codonstatsdb.unr.edu/


2. Species output 

If a species has been selected, the user will access a table presenting the following information (Figure 

2): 

• Species name. 

• Species’ taxonomy ID. 

• Genome assembly. 

• Genetic code used, following NCBI standards (e.g., 1 = standard genetic code). 

• Number of protein-coding genes analyzed. 

• Number of codons analyzed. 

For each codon, the following information is shown (Figure 2): 

• Encoded amino acid.  

• Count: the number of times that the codon is used in the entire genome. N-terminal 

methionines encoded by codons other than ATG were excluded from the analysis.  

• Relative Synonymous Codon Usage (RSCU): The observed codon count divided by the count that 

would be expected if all synonymous codons were used at the same frequency. For each amino 

acid, the average of the RSCUs of the codons encoding the amino acid is 1. 

• Whether the codon is preferred or unpreferred. This information is only available for genomes 

with at least 1000 genes. Preferred codons are those that exhibit a significantly higher RSCU in 

highly expressed genes than in lowly expressed genes. We used as set of highly expressed genes 

those with the lowest ENC values (bottom decile), and as set of lowly expressed genes those 

with the highest ENC values (top decile). 

 

 

Figure 2. Summary codon statistics for human. This visualization corresponds to all nuclear genes. Only the first 

lines are shown. 



For each species, the user can access codon statistics for the following gene sets (if such gene sets are 

available in the corresponding genome assembly): 

• All nuclear protein-coding genes. In the case of prokaryotes and viruses, this category is 

substituted by an “All genes” category. 

• Nuclear genes encoding ribosomal proteins. Nuclear genes whose descriptions included the 

substrings “Ribosom” or “ribosom” were included in this category. These genes are particularly 

interesting since they’re highly expressed on average, and thus expected to exhibit a high level 

of codon bias. The preferred/unpreferred codons listed in this table are the same as the ones for 

all nuclear genes.  

• Mitochondrial genes. Since mitochondria contain less than 1000 genes, information on 

preferred/unpreferred codons is not included.  

• Chloroplast genes. Since chloroplasts contain less than 1000 genes, information on 

preferred/unpreferred codons is not included.  

The tables can be visualized online (Fig. 2) or downloaded as a tab-delimited (.tsv) file by using the 

“Download codon stats” button. For each dataset, the user can also push the “Download gene stats” 

button to download a tab-delimited file with the following statistics for each gene: 

• Gene symbol. 

• Protein length (number of amino acids). 

• NCBI gene ID. 

• Locus tag. 

• Assembly unit. 

• Protein name. 

• Protein ID. 

• GC content for the entire CDS. 

• GC content at third codon positions (GC3). 

• Effective number of codons (ENC), as described by Wright (1990). This statistic is low for genes 

with strong codon bias, and thus negatively correlates with expression levels. 

• Codon Adaptation Index (CAI), as described by Sharp and Li (1987). This statistic is high for genes 

with strong codon bias, and thus positively correlates with expression levels. Calculation of this 

statistic requires a set of highly expressed genes. For that purpose, we used genes with a low 

ENC (bottom decile). 

• Frequency of optimal codons (Fop): the fraction of codons that are preferred (as described 

above).  



 

Figure 3. Gene codon statistics for human nuclear genes. Only the first lines are shown. 

  



3. Taxonomic group output 

If a taxonomic group with multiple species has been selected (e.g., the genus “Drosophila” or the order 

“Primates”), a comparative table for all species is shown. For each species and codon, the count or RSCU 

is shown. Preferred codons (as defined above) are marked with an asterisk.  

The user can select among: (1) all nuclear genes (or all genes in the case of prokaryotes and viruses), (2) 

nuclear genes encoding ribosomal proteins, (3) mitochondrial genes, and (4) chloroplast genes (if such 

gene sets are available). 

 

 

Figure 4. Summary gene statistics for all species in the genus Drosophila. RSCU values for nuclear genes are shown.  
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