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• A codon is a DNA (or RNA) sequence of three 
nucleotides that encodes a particular amino acid or 
signaling the start/stop of protein synthesis.  

• Genetic code is made up of codons and there are 64 
different codons.  

Background

• The codon usage tables are linked to a taxonomic reference, and they allow 
comparative analysis of the codon usage frequencies.
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Background: Codons, Codon Pairs and Dinucleotides

codons

dinucleotides

Aminoacyl tRNA

mRNA

junction dinucleotides

codon pairs

Modified from Pearson Prentice Hall copyrighted material
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• We have created updated usage tables with the sequence information from GenBank 
and RefSeq. Including information for the non-random distribution of occurrences in 
genes within a given species:

– Codon
– Codon pair
– Dinucleotide
– Junction Dinucleotide
– GC content

In total, 288 million coding sequences (35 million from GenBank, 253 million from RefSeq) 
were included in the database, resulting in the creation of over 855,000 codon usage tables.
• Accounting for differential gene expression profiles in various human tissues, we have 

also created usage tables for normal human tissues and for human primary tumors.

Introduction
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We created a publicly accessible repository of comprehensive, regularly updated 

Codon Usage Tables, HIVE-CUTs.

 CoCoPUTs – Codon and Codon Pair Usage Tables at species level (Genbank & 

RefSeq)

 TissueCoCoPUTs – 52 Human tissue-specific from GTEx Portal

 CancerCoCoPUTs – Tumor-specific contain transcriptome-derived data from 

32 primary cancer types from TCGA

Methods

Athey et. al., BMC Bioinformatics, 2017
Alexaki et. al, Journal of Molecular Biology, 2019
Holcomb et. al, Infection, Genetics and Evolution, 2019

Kames et. al., Journal of Molecular Biology, 2019
Meyer et. al., Genome Medicine, 2021
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Codon Usage Table

Input: Listeria Genbank file (.gbff file) Output: Listeria raw count and proportion of 
each codon that appears on the sequence

Protein sequence

CDS genomic 
sequence

Codon usage table
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Cancer CoCoPUTs

RNA-seq files from NCI containing counts from 32 primary cancer types from 
TCGA

• Primary tumor
• Solid Tissue Normal

Gene level usage
(codon and codon pair)

Primary transcript quantifications
(TPM for each gene)

=

Transcriptomic
Weighted Usage

https://cancergenome.nih.gov/

https://cancergenome.nih.gov/
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HIVE Platform

o A cloud-based 
environment that 
comprises both a storage 
library of data and a 
powerful computing 
capacity. 

o Can consume, digest, 
analyze, manage, and 
share all this data. 

Distributed 
storage cloud

Cloud control 
server

Web portal drop-
box

Distributed  
computational 
cloud

Instruments External data 
providers

Local hard 
drives

Web-browser

High throughput infiniband multichannel network 40Gb/s 

Metadata Database
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Results: CoCoPUTs

Codon usage table

Codon usage graph

GC content

Codon Pair Usage

Junction 
Dinucleotides

Dinucleotides
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Results: TissueCoCoPUTs

Codon Pair Usage
Codon usage table

Junction 
Dinucleotides
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Results: CancerCoCoPUTs

Search

Codon usage graph

Dinucleotide usage

Codon Pair Usage
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Example: Tissue-Specific Codon Usage

•Calculated from tissue-specific transcriptome (GTEx Portal 
and Protein Atlas) and human codon usage per CDS
•Results show large variability between tissues
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Example: Strong Negative Relationship Between GGT and 
GGG across Breast Cancer Subtypes

Meyer D., Kames J. et. al., Genome Medicine, 2021
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Example: Change in Codon Usage Associated with Patient 
Survival Across All Cancers

MSE (Mean Squared Error):
Degree of Change

Meyer D., Kames J. et. al., Genome Medicine, 2021
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Codon Usage Tables provide the frequency of occurrence of codons and is 
essential in many biological studies and applications, e.g.

– Drug Development
– Gene Therapy
– Vaccine Development 
– Implications of synonymous variants
– Recombinant Therapeutic protein
– Personalized Cancer Medicine
– Virus de-optimization design
– Evolutionary and Translational studies

Conclusions
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Availability

https://dnahive.fda.gov/dna.cgi?cmd=cuts_main

1. Clickable heatmap displaying codon pair information
2. Text-based codon usage table
3. Graphs plotting the codon frequencies per 1000 
codons
4. Graphs showing total dinucleotide and junction 
dinucleotide frequencies
5. Graphs showing the GC% content
6. Effective Number of Codons (ENC) and Codon Pairs 
(ENCP), metrics measuring codon and codon pair 
usage bias
7. Taxonomy tree that displays each query and traces 
the route back to their last shared classification (only 
available for species related queries)
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