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Introduction: Of the twenty amino acids used in pro-
teins, ten were formed in Miller’s atmospheric dis-
charge experiments[1]. The two other major proposed 
sources of prebiotic amino acid synthesis include for-
mation in hydrothermal vents [2] and delivery to Earth 
via meteorites [3]. We combine observational and ex-
perimental data of amino acid frequencies formed by 
these diverse mechanisms and show that, regardless of 
the source, these ten early amino acids can be ranked 
in order of decreasing abundance in prebiotic contexts 
[4]. This order can be predicted by thermodynamics. 
Our results are consistent with the idea that amino ac-
ids in meteorites are produced by aqueous alteration 
inside meteorite parent bodies [5]. The relative abun-
dances of the early amino acids were most likely re-
flected in the composition of the first proteins at the 
time the genetic code originated. The remaining amino 
acids were incorporated into proteins after pathways 
for their biochemical synthesis evolved. This is consis-
tent with theories of the evolution of the genetic code 
by stepwise addition of new amino acids [6]. These are 
hints that key aspects of early biochemistry may be 
universal.   
 
 

 
 
Fig 1. Mean relative concentration of early amino ac-
ids relative to glycine (G) as a function of the free en-
ergy of formation in conditions of modest temperature 
and pressure.  The fit is an exponential decrease, 
which argues for a thermodynamic origin of this be-
haviour.  (Adapted from Higgs and Pudritz 2009). 
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