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In the research field on the origin of the genetic code two

lines of thought are evident. The first puts at the core of the

origin of the genetic code the physicochemical properties

of amino acids (1967; Woese et al. 1966; Jungck 1978;

Weber and Lacey 1978; Lacey and Mullins 1983; Di Giulio

1989a, b; Taylor and Coates 1989; Di Giulio 1996; Free-

land and Hurst 1998; Lacey et al. 1992). Indeed, the

physicochemical theory of the origin of the genetic code

suggests that these properties have been the main selective

pressure that determined the organisation of the genetic

code (Sonneborn 1965; Woese et al. 1966; Fitch and Upper

1987; Di Giulio 1997). A prediction in part equivalent is

also made by the stereochemical theory of the origin of the

genetic code that maintains that interactions between

codons or anticodons and amino acids have been the main

forces that organised the genetic code (Woese 1967; Shi-

mizu 1982; Szathmáry 1993; Yarus 1998; Yarus et al.

2009). Therefore, also for the stereochemical hypothesis

the physicochemical properties of amino acids were

essential in organising the code. On the other hand, the

second line of thought considers the metabolism and the

biosynthetic relationships between amino acids as the main

force that defined the evolutionary organisation of the

genetic code (Wong 1975, 2005; Di Giulio 2008a), with the

properties of amino acids having only a subsidiary role in

this organisation (Wong 1980; Di Giulio 1989a).

The current special issue of the Journal of Molecular

Evolution, dedicated to the Evolution of the Genetic Code,

presents four papers that summarise this field of study at

the moment and bring some insight into these two lines of

thought. Naturally, whether the physicochemical properties

of amino acids would reflect the structure of proteins, that

is to say their function, then this would not be incompatible

with the coevolution theory of the genetic code, because

the protein structure, by means of the physicochemical

properties of amino acids, might have been the main

selective pressure that determined the genetic code orga-

nisation. Obviously, this would also imply a correlation

between the biosynthetic relationships of amino acids and

their physicochemical properties, in addition to that with

the structure of the genetic code, as some works seem to

indicate (Di Giulio 1991, 1996). One of the works pre-

sented in this special issue by Francis (2013) is inclined to

maintain a similar position. Indeed, the title of this paper is:

‘Evolution of the genetic code by incorporation of amino

acids that improved or changed protein function’. Fur-

thermore, Francis (2013) considers the hypothesis that very

early on the genetic code used only codons of the GNC

kind (Ikehara 2002; Trifonov 2004; Francis 2011), a code

completely compatible also with the coevolution theory (Di

Giulio 2008a).

However, the observation that the properties of amino

acids are mirrored in the genetic code organisation does not

necessarily imply their determining role in the genetic code

organisation, unless one does not validate that the level

reached by the minimisation of physicochemical distances

between amino acids in the genetic code structure is very

elevated. This, at the moment, does not seem to be the case

(Wong 1980; Di Giulio 1989a; Di Giulio et al. 1994; Di
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Giulio and Medugno 1998, 2001). A deepened under-

standing of the physicochemical similarity between amino

acids, as investigated by Stephenson and Freeland (2013) in

this special issue, could help to better clarify the role played

by the physicochemical properties of amino acids during the

evolution of the genetic code. For this reason, another work

presented in this special issue by Buhrman et al. (2013)

shows that the genetic code is optimal only when we con-

sider in addition to the polarity distances between amino

acids, and some stereochemical constraints, also their bio-

synthetic relationships. This result would seem to imply that

these three forces—the polarity distances, some stereo-

chemical constraints and the biosynthetic relationships

between amino acids—were important to organise the

genetic code. In general, although there are models that

make compatible the coevolution theory and the stereo-

chemical one (Di Giulio 1998), nevertheless I find that the

strong physicochemical determinism imposed by the ste-

reochemical theory to the origin of the genetic code makes

these two theories incompatible. This is because one per-

tains to a strong physicochemical determinism, while the

other concerns a determinism of historical nature linked to

the origin of the biosynthetic relationships between amino

acids. Furthermore, the stereochemical constraints used by

Buhrman et al. (2013) concern only the Phe, Tyr, Trp, His,

Leu, Ile and Arg amino acids that are considered to be

product amino acids (that is to say, derived biosynthetically

from other amino acids), and therefore introduced very late

in the genetic code, not only by the coevolution theory

(Wong 1975; Di Giulio 2008a) but also by other points of

view that consider these amino acids as late addition to the

genetic code (Trifonov 2000; Higgs and Pudritz 2009). This

would seem to imply that the stereochemical constraints

were important for amino acids that entered into the genetic

code only late, and this seems to be a paradox. Indeed, one

expects that stereochemical constraints were most important

in the early phases of the origin of the genetic code and not

in the late ones given that in the early phases the entire

‘system’ might have been more susceptible to stereochem-

ical interactions than in the late phases, in which the system

might already have assumed greater biological features. In

addition, if the stereochemical constraint was really

important to organise the genetic code then this should have

been important above all for the precursor amino acids for

which the historical (biosynthetic) constraint—according to

the coevolution theory (Wong 1975)—should have been

weak or even absent, and therefore the precursor amino

acids should have been more susceptible to the stereo-

chemical constraint. This does not turn out from the model

used by Buhrman et al. (2013), and therefore their obser-

vations may require further clarification in the future.

Therefore, I continue to maintain that more time should

be spent in trying to understand how and why the

biosynthetic relationships between amino acids are reflec-

ted in the organisation of the genetic code. Additionally, it

will be important to try to find other molecular fossils that

extend the biosynthetic pathways of amino acids that occur

on tRNAs—and that are a very strong corroboration of the

coevolution theory (Wong 1988; Di Giulio 2002)—also to

biosynthetic transformations involving other amino acids,

as for instance, might be the Ser-tRNATrp ? Trp-tRNATrp

pathway that I think might be found in some organism.

The last article presented in the special issue is the one by

Morgens (2013) that makes a review of the origin of trans-

lation. I like very much to think that the evolution of the

genetic code has been guided by the selective pressure of the

enzymatic catalysis, resulting in the origin of protein syn-

thesis first and after in that of the genetic code. Therefore, the

genetic code would be nothing other than the evolution of the

coded catalysis (Di Giulio 2003, 2008b). Morgens (2013), in

a sense, follows a similar route, using in the title of his work

the phrase: ‘the protein invasion’. Morgens bases his analysis

above all on the complexity of protein synthesis considered

notoriously to be a strong obstacle to its evolution (Crick

et al. 1976). Yet, models that predict that the ancestral

catalysis was mediated by RNA in some way peptidated—

that is to say, catalytic forms also able to explain the origin of

peptidyl-tRNA, the key intermediary of the protein synthesis

otherwise barely under the action of natural selection (Wong

1991; Di Giulio 2003, 2008b)—seem to me to be able to

remove completely the problem of the non-reducibility of the

origin of protein synthesis and with it also that of the genetic

code origin. This seems to generate a natural view of the

origin both of protein synthesis and of the genetic code (Di

Giulio 2008b).

Finally, I hope that the reading of articles presented here

encourages and stimulates in some way the study of these

very fascinating set of problems.
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