Summary

The doctoral dissertation concerns the interaction between mutational pressure and
amino acid level selection in shaping the usage of synonymous codons in the standard and
alternative genetic codes. The aim of the study was to investigate the influence of amino acid
level selection on the usage of synonymous codons usin.g various selection matrices, in order
to determine which physicochemical properties of amino acids are more relevant in the
process of selection. The analyses were extended to alternative genetic codes to examine how
the structure of codon—-amino acid assignments affects the strength of selection and to verify
whether the organization of genetic codes can significantly influence amino acid-level
selective pressure shaping synonymous codon usage. For this purpose, a simulation model
based on the UNREST-type Markov process was developed, which unlike time-reversible
models allow capturing mutational and selective asymmetries. An attempt was also made to
estimate the strength of amino acid level selection for real genomes. Stationary distributions
were generated from Dirichlet distributions. The obtained results indicate that amino acid-
level selection modifies codon usage, causing a deviation from the values predicted solely on
the basis of mutational pressure. In particular, it limits the emergence of nonsense codons and
mutations leading to radical chemical changes in protein residues. It was demonstrated that
nucleotide composition significantly modifies the strength of selection: an excess of adenine
and thymine increases the influence of amino acid level selection on synonymous codon
usage, as AT-rich codons more frequently mutate into stop codons, whereas cytosine- and
guanine-rich backgrounds weaken selective pressure by providing more conservative
substitution possibilities. The analyses also revealed that alternative genetic codes, in which
stop codons were reassigned to amino acids, are characterized by greater coherence of codon—
amino acid blocks and a lower probability of lethal mutations. Additionally, the dissertation
includes analyses of real genomes (Escherichia coli, Thermus thermophilus, Plasmodium
falciparum), whose results indicate the contribution of amino acid-level selection to shaping
codon usage and remain consistent with the outcomes of computer simulations. Codon
distributions in bacterial genomes reflect a compromise between the influence of mutation
and amino acid level selection. It was found that this phenomenon is not solely the result of
translational adaptation but also involves mechanisms that prevent mutations leading to

radical changes in protein structure.



