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ABSTRACT
The algebraic structures of the genetic code are most important to obtain additional
information about the semantic code and its applications. In this paper we define two dual
Boolean codon lattices of the genetic code using hydrogen bond numbers and the chemical
types of bases: purines and pyrimidines. The Boolean lattices reflect the role of
hydrophobicity in the distribution of codon assignments to each amino acid. Particularly, the
symmetric images of codons with adenine as second base coding to hydrophilic amino acids
are always codons with uracil as second base coding to hydrophobic amino acids as they
represented in the Hasse diagrams. The Hamming distance between two codons in the Hasse
" diagram reflects the different hydrophobicities between their respective coded amino acids.
Our experiments have demonstrated a small Hamming distance to the wild type HXB2 of

almost all the drug-resistant reported mutations in HIV protease gene. The human beta-globin
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mutant genes have also exhibited similar results. Our research suggests that the Hamming

distance between two genes in the molecular evolution process have a minimal value.

1 INTRODUCTION

So far the rules for encoding base triplets to amino acids in the genetic code order remain an
attractive puzzling problem. The genetic code is the biochemical system that establishes the
rules to transcribe the nucleotide sequence of a gene into the mRNA codon sequence, later
translated into the amino acid sequence of the corresponding protein. The codon set is an
extension of the four-letter alphabet found in the DNA molecule. The DNA bases Adenine,
Guanine, Cytosine, and Thymine, usually denoted 4, G, C, T (in the RNA, T is changed for U,
Uracil) are paired according to the following rule: G=C, A=T (where each ‘-’ symbolizes a
hydrogen bond). It is said that base G is the complementary base of C, and 4 is that of T in the
DNA molecule, and vice versa. Moreover, it is well-known that there is an association
between the second-position base and hydrophobicity. The amino acids having U at the
second position of their codons are hydrophobic: {7, L, M, F, V'} -the amino acids are written
using the one-letter symbols and have low polarities- according to the Grantham polarity scale
(Grantham, 1974). Those with 4 at the second position, however, are hydrophilic (polar
amino acids): {D, E, H, N, K, O, Y} (Crick, 1968). The amino acids with C in the second
position of their codons have their polarities in the middle, between the last two groups, while
those with G in the second position don’t follow any regularity in their polarities. The non-
random organization of the genetic code has been pointed out (Woese, 1965; Freeland and
Hurst,.1998) and various hypothesis have been proposed to explain their enigmatic order

whose origin remains unknown. (Woese, 1965; Woese et al. 1966; Crick, 1968; Alf-
Steinberger, 1969; Swanson, 1984).

For this purpose, different formal mathematical models of the genetic code have involved the
binary representation of the DNA bases. (Jiménez-Montafio et al, 1996; Stambuk, 2000;
Karasev and Stefanov 2001; He et al, 2004). Jiménez-Montafio et. al. (1996) suggested a
binary interpretation of the genetic code with the following correspondences: A= 00, G = 01,
U=10, C=11. This binary code of six variables could be represented by the Boolean

hypercube. Stambuk (2000), who introduced the universal metric properties of the genetic



by the same physico-chemical properties used by Jiménez-Montafio et al. (1996): hydrogen
bondings (to be exact in this paper we use the hydrogen bond number) and the chemical types.
Because the number of codons in the genetic code is the number of three-letter variations
repeated from the four-letter alphabet, the Boolean lattice on the triplet base set (64-codon set)
will be the direct third power of the Boolean lattice of the four DNA bases. Therefore, the aim
of this paper is to describe a new Boolean lattice of the standard genetic code and to show its

correspondence with the experimental data.

1.1 Theoretical Support

This paper’s mathematical groundwork is the Boolean lattice. First, the Boolean lattice of the
four bases of the DNA is built and from it, the Boolean lattice of the Genetic Code. Actually,
the Boolean lattice of the Genetic Code is obtained as the direct third power of the initial
lattice. (A definition of a Boolean lattice appears in the Appendix).

Next are the lattice properties used on the set of elements ¥ where the Boolean lattice is

denoted (B(X), v, A).
















































