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Introduction: For genetic information to be pre-

served and transmitted, a system must yield machinery 
that carries out the reproductive process above a 
threshold of error [1].  Aminoacyl-tRNA synthetases 
(aaRSs) are examples of such machinery [2].  Signifi-
cantly, major dynamic transitions in the cores of these 
molecules are observable within their evolutionary 
histories, which are representable through phylogenetic 
inference.  All aaRSs, of all specificities from all cur-
rently known organisms, fall into two main classes.  
Each class has a core structure that has been highly 
conserved since the origin of life on Earth 3.8 billion 
years ago.  The aaRSs have evolved from the simplest 
structures, which provided the basic functional re-
quirements for interpreting a loose binary code, into 
the complex present day structures that are capable of 
interpreting the highly specific 61-codon to 20-amino 
acid universal genetic code.  Throughout this process, 
thermodynamic instabilities drove bifurcation events in 
the aaRS phylogeny, expanding the amino acid alpha-
bet by one binary digit at each bifurcation.  Therefore, 
in order to analyze the cophylogenies of Class I and 
Class II aaRSs before the LUCA event, it is necessary 
to consider epochs in which there were fewer than 20 
classes of distinguishable amino acids, invalidating the 
use of 20 x 20 substitution matrices throughout the 
phylogenetic inference [3].  To tackle this problem, we 
have developed an extension of the Bayesian software 
package BEAST, using matrices of reduced 2 ≤ n ≤ 20 
dimensions for each pre-organismal epoch.  Results 
from the phylogenetic analysis are used in complement 
with empirical structural data to examine the transi-
tions of specificity in these self-constructing genetic 
interpreters and provide insight into the evolution of 
functional meaning. 
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