arXiv:1302.3289v1 [physics.gen-ph] 14 Feb 2013

Horizontal symmetry in the algebraic approach of genetic code

J.J. Godina-Nava 1 Departamento de Física CINVESTAV-IPN, Ap. Postal 14-740, 07000 México, D. F.; México jj@fis.cinvestav.mx

Abstract

Using concepts of physics of elementary particles concerning the breaking of symmetry and grannd unified theory we propose to study with the algebraic approximation the degeneracy finded in the genetic code with the incorporation of a horizontal symmetry used in gauge theories to fit the contents of the multiplets of the genetic code. It is used the algebraic approch of Hornos et. al. [1, 2, 3, 4]. We propose an example for the incorporation of horizontal symmetry to study mixtures of elements of the multiplets.

Keywords: Group Theory, genetic code, symplectic algebra, symmetry breaking.

PACS Numbers: 12.10-g

1 Introduction

Because there are a countless number of similarities between disciplines, is that you get to set what is known as mutidiscipline. Area where certain techniques and tools of a certain discipline can be applied elsewhere in order to tackle problems of a complex nature. This is the case of the biology and high energy physics (HEP). HEP combine a variety of concepts and technical tools commonly used in order to construct models to study matter and its components. In biology there are problems that have long remained unanswered, especially dogmatic nature. However, proposals have emerged from HEP taking elements have been employed in biology in order to solve important problems that can helping to know more about a genetic disease like cancer, or a process such as DNA transcription or as the case that concerns us is the evolution of the genetic code that is very involved in the above mentioned problems. Old problem still unsolved, is the search for a symmetry that responds to natural evolutionary behavior of the genetic code. If we think of cancer as a disease caused by a translocation of nucleotides in a sequence. The necessity to contemplate the genes by symmetry, leads us to think of a scenario where if it were possible to characterize the amino acids formed of 4 nucleotides chosen 3 at a time and their permutations, following a specific rule unknown even in biology. We could talk about this in the context of a certain unification of gene expression, motivating microscopic modeling more attached to reality.

In particle physics, we study an exciting scheme which had its origin in the dream of a physicist, Albert Einstein, who proposed a new formulation of all that was known in his time establishing his theory of general relativity. Thus, was born the search for unified field theories, theories with which one could describe with a single set of formulas the nature of matter. Grand unification theories are models that have been implemented in particle physics to unify the three known interactions of the standard model, each one of them characterized by a particular gauge symmetry. The hypothesis is that these three interactions can be characterized by a single larger gauge symmetry and characterize it by only one coupling constant. The models that have been used to carry out this unification are semisimple Lie groups. The challenge is that by extending the symmetry, it is necessary to introduce more fields and additional interactions and even extra dimensions of space, that from the experimental point of view have not been observed. The first successful model was the group SU(5), proposed by Howard Georgi and Sheldon Glashow [5], and preceded by the model of Paty-Salam [6]. The essential part of the model is that the strong and weak interactions are described by the simple Lie groups SU(3) and SU(2) that allow to describe precisely the discrete electric charges. The weak hyphercharge is described by an Abelian symmetry U(1), which in principle allows the assignment of arbitrary charges, but there are however some restrictions on the choice of particle charges by theoretical consistency, in particular has to do with the cancellation of the so called triangular anomalies.

The quantization of charge allows to describe the particles by their content of electric charge they carry. This basic fact has been regarded as proof that the interactions have to be incorporated in a grand unified interaction described by a single group of higher symmetry containing the standard model. With this prescription automatically would be predicted the quantized nature and values of the electric charges of all elementary particles. The use of this type of model is used to constrain the theory based on experimental evidence.

In the biological size, the structure and dynamics of DNA are the key to understanding the biological effects and the genesis of genetic diseases such as cancer. DNA is the molecule that encodes the information that an organism needs to live and reproduce. The genome of a cell contributes to the coherent modulation in time and quantity of proteins needed by living organisms in response to internal signals and the external environment. This behavior is the result of many factors acting at different hierarchical levels and time scales, not yet known in biology, including the regulation exerted by a family of proteins called transcription factors, which selectively bind DNA chain in order to activate or repress the expression of genes required in a coordinated manner when those are needed. The gene expression is regulated at the level of mRNA and its role and abundance is regulated by these transcription factors. Modern techniques as the real-time polymerase chain reaction [7] or the use of a green fluorescent protein gene as a reporter [8], allows to obtain measurements at short sampling intervals, allowing to obtain time series with bigger and better temporal resolution for their study.

These new techniques allow us to quantify the levels of expression with greater accuracy almost without noise measurements. Despite these techniques, however, as well as the microarray, they share the drawback of only measuring the mRNA concentrations, instead of the corresponding proteins. The most common problem of these experimental techniques is to measure the present level of protein concentration in the living cell. These experimental improvements motivate the use of more sophisticated mathematical tools to address the problem. Thus the problem of understanding the genetic code has been the subject of many models and still remains as a big challenge [9, 10].

Physical systems are governed by conservation laws. The law restricts the behavior of the system characterized by symmetry. Symmetry as invariance to a specific group of transformations can apply the concept to problems in biology, such as genetic code to study diseases such as cancer. The scenario here is of 64 codons, 4 nucleotide bases and 20 amino acids plus a stopping codon. The study of the physical properties of amino acids [11] revealed a striking hierarchy. This suggested that for the breaking of the symmetry of the problem had to use certain potential to reduce the degeneration of the genetic code. The minimization of the effects of deterioration caused by accidental erasure or erroneous reading of a base-catalyzed sequence DNA polimererasa, showed a way to assign the stop signal to codons signiling stop biosinthesis [12]. Lehmann [13] found that the frequency of codon reading was closely linked to the reading system, being a symmetrical pattern of codons. The symmetries in the genetic code are of special interest because depending on these, you can get much information on the organization of code and therefore valuable information for gene expression [14]. In the work of Hornos et. al. [1, 2], the genetic code was described using an irreducible 64-dimensional representation of a classical Lie algebra.

The model reproduces the branching process with the correct multiplet structure of the genetic code and serve as a model to study its evolution. Is stated in [2, 15] and summarized in [17] the conditions for the algebraic approximation to the genetic code from the previous experience in spectroscopy [14], where the states are associated with vectors of a irreducible representation from the generating algebra spectrum. The Hamiltonian is constructed as a linear combination of Casimir operators [18] from generating algebra and its subalgebras.

But especially the conditions and terms under which is required as in grand unified models, which we remain with a residual symmetry: In the standard model is the SU(2) × U(1) we described above and the hypothesis of Hornos et. al., is the called freezing or frozen accident, where they assume that the genetic code has evolved from forms much simpler with fewer amino acids and a degeneration much higher than that currently displayed. We can observe here an eloquent similarity between both theories and therefore we can perform parallel studies to find new information. Interesting efforts have been made since it was attempted to make a representation of the 64-dimensional space of codons grouping the amino acids at the edges of a tetrahedral network [19] to the new algebraic approximation in terms of simpletic Sp(6) algebra [2], through the use of the Klein group structure [20], model SU(4) [21], Galois theory [22] and many other approaches [23]. In what follows we will use the algebraic model sp(6) as the unifying symmetry [1, 2] and discuss the proposal of include a horizontal symmetry in the sense of a gauge model of particle physics for study the mixing pattern, particular relationship or rule of choice in the content of multiplets and their implication as fine tuning on the symmetry of unification.

2 Motivation

We mention that the simplest model of Grand Unification was the SU(5). The smallest simple Lie group containing the standard model was based on the model SU(5) ⊃ SU(3) × SU(2) × U(1). (1) The smallest irreducible representations of SU(5) are the 5 and 10. The assignment of content is that in the 5 are located the electric charge conjugate quark triplet type right down and leptons as left doublet of isospin. In the 10 are located the six type quarks up, the left triplet colored quarks type down and the electron right. This pattern is repeated for each of the three families of generations of matter known (e, μ, and τ), do not know why there are three families of leptons in nature and because precisely these. The amazing thing about this particular choice is that the model has no triangle anomalies. The Lie structure analysis shows that have few groups and representations that made to cancel the chiral anomaly. The content of particles considering the standard model is as follows

¯5 = (¯3, 1) ⊕ (1, ¯2) ¯10 = (3, 2)⊕)(¯3, 1) ⊕ (1, 1) (2) ¯24 = (8, 1)⊕)(1, 3) ⊕ (1, 1)⊕)(3, 2) ⊕ (¯3, 2).

With this approximation is obtained a good value of Weinberg angle, the Higgs mechanism: SU(5) → SU(3) ⊗ SU(2) ⊗ U(1) is very economical, explains the problem of hierarchies and predicts proton decay with a half-life stable in the experimental range.

On the biological side, the amino acids are constructed as mentioned above using 4 nucleotides choosing 3 at a time and making all its permutations, generated a sequence of codons and the so called stop codon. The interaction between these is performed by two or three valence electrons. Each of these nucleotides in the DNA pairs with another antinucleotid, codons having a unique anti-codon. The rule of correspondence between the nucleotide triplets called codon in the DNA sequence and amino acids is known as the genetic code.

The DNA and RNA have the property that the sequence of triplets is accurate and the assignment of codons to amino acids form multiplets Figure 1. What is not understood is why this happens in this way. Following the work of Hornos et. al [1, 2, 3, 16] where is set a systematic search of continuous symmetries in the genetic code. They have been discussed in detail breaking schemes based on the maximal subalgebras [4] of the symmetry symplectic algebra sp(6). We must be careful do not to alter the circumstances concerning the remnant symmetry that must be to safeguard the survival of the genetic code. An important detail in the Hornos work, is the way of how to assign the category of fermion or boson in the multiplets content of. In particle physics, there is a rule well established on the basis that its nature is determined by the quantum numbers describing their actual physical condition and thus how these particles behave in nature under certain gauge interactions. In the case of codons in the genetic code, this assignment is difficult, because the characteristic of self-organized complex dynamic system of the same makes it very difficult to perform. What is done is actually implement the tools and use experimental data at hand [23]. In our case where the purpose is to find a symmetry for the genes in search of establishing patterns of expression to study diseases. The Hornos’s contribution has provided the opportunity to be involved effectively with a new tool to treat a biological problem very important that has not solved for decades. The use of an algebraic approximation to the problem provides a valuable tool to study it.

Amino acid dim Codons Arg 6 CGU CGC CGA CGG AGA AGG Leu 6 UUA UUG CUU CUC CUA CUG Ser 6 UCU UCC UCA UCG AGU AGC Ala 4 GCU GCC GCA GCG Thr 4 ACU ACC ACA ACG Val 4 GUU GUC GUA GUG Gly 4 GGU GGC GGA GGG Pro 4 CCU CCC CCA CCG Stop 3 UAA UAG UGA Lle 3 AUU AUC AUA Lys 2 AAA AAG Cys 2 UGU UGC His 2 CAU CAC Asp 2 GAU GAC Glu 2 GAA GAG Tyr 2 UAU UAC Phe 2 UUU UUC Asn 2 AAU AAC Gln 2 CAA CAG Trp 1 UGG Met 1 AUG

Figure 1: The codon representation for the fundamental amino acid multiplets

In this sense, decoding fermionic or bosonic nature of the elementary components of the genetic code is important, therefore models have been proposed as the fermionic algebras sp(6) ⊃ U(3) of Hecht [25], to study the fermionic foundation in the bosonic interaction model built by Arima and Iachello [26] as a dynamic symmetry model. In particular, we propose to implement as in elementary particle physics, a symmetry that allows us to study the pattern of mixing between the components of the multiplets. This is to implement an extra horizontal symmetry to the symmetry of the genetic code as has been done by Hornos et. al. [1, 2] in a grand unified theory for genes and follow the references [27, 28] to implement it.

Hornos et. al. [2], employed quaternion matrices and reproduces the genetic code breaking in four stage the symmetry: sp(6) ⊃ sp(4) ⊗ su(2) ⊃ su(2) ⊃ su(2) ⊗ su(2) ⊗ su(2), where second and last su(2) break go to o(2) breaking the degeneracy of the code.

However, the symmetry sp(6), has been considered as a continuous symmetry too large to describe the genetic code. Also the decomposition of the symmetry sp(6) does not reflect the actual process of refinement temporary codon recognition [29]. Hence some discrete symmetries are used [30].

But the question now is that there is a conflict in the way in which the assignments are made of fermions and bosons. In reference [31], is established that the symplectic group sp(6) is part of a greater unification with the group SO(14) which also includes the group G(2), however the subset sp(6) contains greatest theoretical wealth. In any case, the idea is to have the 6-dimensional representation or three 2-dimensional in order to adjust the 20 amino acids. We can see how delicate is the assignment of boson or fermion to the content of multiplets, because there is a theorem in particle physics [32] that rules out the possibility of combining fermions and bosons in an multiplet or in a irreducible representation of a Lie group. This can only be done using super Lie groups as it has been doing Forger et al [33] and Bashford [34, 35] introducing both commutative and noncommutative variables. For that as set forth in [31], in the baryon octet model SU(3) the adjoint representation 21 contains isospin multiplets with both integer and half integers, but all the baryons are fermions. Same is true in the meson nonete where all are bosons. This reinforces our proposal to include a horizontal symmetry to set this rule and allow freezing as also the symmetry of custody. The proposal is to continue the work of several authors in this regard [23, 36] and assisted by the biological part [37, 38, 39, 40, 41] establish the rule more plausible to use.

3 The model sp(6)

The algebra sp(6) [25] has an 64 dimensional irreducible representation with higher weights (1, 1, 0) according to the Cartan classification theorem using the generated base from the fundamental weights. In terms of the diagonal base e_1, e_2, e_3 that describes the coordinates of roots and weights,

(2, 1, 0) highest weight, (2, 0, 0), (0, 2, 0), (0, 0, 2) long roots, (3) (1, ±1, 0), (1, 0, ±1), (0, 1, ±1) short roots.

Calculating the scalar products with the highest weight (2,1,0) gives the length m(α) and subtracting are obtained the weights. Through the application of the transformation of Weyl group is generated the complete diagram of weights for the representation of sp(6) formed by 24 weights (±2, ±1, 0), (±2, 0, ±1), (±1, ±2, 0), (±1, 0, ±2), (0, ±2, ±1), (0, ±1, ±2), of lenght √ 5/2, there are also 8 weights type (±1, ±1, ±1) of lenght √ 3/2 and finally 6 weights (±1, 0, 0), (0, ±1, 0), (0, 0, ±1) of lenght √ 1/2. All these weights constitute a regular polihedro in a 3-dimensional space where it was possible to adjust the genetic degeneration of the code by Hornos et al [1, 2]. The branching for decomposing the codons representation employed a canonical chain sp(6) ⊃ sp(4) ⊗ su(2) ⊃ su(2) ⊗ su(2) ⊗ su(2), (4) here a very important part for the model of Professor Hornos is that depending on the assignment of their respective choice of algebra su(2), likewise is assigned the fermionic or bosonic nature of. This means [1, 2] that for a spinor representation of a specific SU(2), will be designated as a bosonic representation if it has spin 1 under the group SU(2), escalar if it has spin 0 and fermionic if it has semi-integer spin. In fact in [1, 2], is established that half of amino acids will be considered fermions and bosons will be the other half.

The second part of the breaking [1, 2] is made according the chain su(2) ⊗ su(2) ⊗ su(2) ⊃ su(2) ⊕ o(2) ⊕ su(2) ⊃ su(2) ⊕ o(2) ⊕ so(2), (5) The quantum states are governed by the highest weights (k_1, k_2) under the sp(4) and the highest weights of the spin (2s_1, 2s_2, 2s_3) of any of the su(2), are defined with this and the values of (2m_1, 2m_2, 2m_3) of the magnetic quantum number determining the states | k_1, k_2; s_1, s_2, s_3; m_1, m_2, m_3 > . (6)

The methodology used until here [4] argues that in the analysis of finite groups is necessary to define a partial symmetry breaking that allow to remain with a residual degeneracy in the final stage to keep the contents of multiplets. Here is plausible to introduce the idea of a horizontal symmetry to keep the accidental degeneracy by incorporating it over the isotopic components because what is required is that this will be a maximal subgroup. Another interesting detail is given to looking for the study of mutations [2] in the second state we find 3 breaking SU(2) that can help in the task. The proposal for a horizontal symmetry in the sense explained in the following section is that there is great ambiguity in the assignment of the doublets, quadruplets, and sextuplets therefore if one could incorporate a rule that relates them without alter the multiplets would be helpful. The discussion in [42] about that the evolution of codons represented by a dynamical system can be considered as unique, it gives confidence in the evolutionary dynamics of amino acids. It is reported there that there is no mixing of different amino acid found in the different attractors. Therefore is recognized the complicated nature of the 6 degeneration of the amino acids.

4 Horizontal approximation

As we have seen the concept of symmetries has been of great importance in Physics and given the parallelism of the problems we are attacking, is regarded plausible once again employ a concept of the theory of elementary particle physics to find a guide on the biological problem that concerns us, namely, considerations of symmetry we have helped to create the standard model and when asked the question of whether the same would achieve to unravel the problem of three generations of fermions known, emerged the idea of horizontal symmetry. That is, a way to fix the content of multiplets in order to have a more realistic scenario from an experimental point of view. In the following discussion will use the dissertation of reference [28] to establish the technology to use. Ordinarily in particle physics are matrices that characterize the properties of the particles under study. They are generally mass matrices for the respective sectors studied, ie quarks up, down, charged fermions, neutrinos. These matrices are diagonalized using unitary matrices. The idea is to build the horizontal symmetry to commute with existing matrices. This will give you the same eigenfunctions, the same eigenvectors employees from all fields. In the first instance should have a horizontal symmetry for each quark sector we find. This symmetry can be present at high energies and to break at current energies allowing precisely this residual symmetries or relationships between components of the multiplets. In this case it is clear that we require the use of a finite group to describe this symmetry, so it requires [28] G = {F, G} with F and G as the residual symmetries in both sectors of quarks and the work would be to find the relation between the mixing matrix U and the horizontal group G. But the U must be given by experiments, then the horizontal group G will have to find from the remnant symmetries F and G. Thus, it must be found which are the possible G’s for a given U and which are the potential U’s for a given G, how construct the invariant terms under the G and how spontaneously break them in order to obtain the proper mixing pattern. In the Biological case as we have a basis where we can diagonalize simultaneously. The eigenvalues of F and G can be chosen degenerate or not. This reminds us of the palindromes of the genetic code and that [19, 20, 21, 23, 24, 43, 47, 48] some researchers have tried to restrict at peculiar symmetries. In our case it is important find them because we require to find their typical pattern. Let’s look at how this could implement [44]. Symmetry groups allowed to have many links to adjust and higgses expected values to adjust the model under study. With fine tuning of the parameters we can reach attractive results. It is expected that the horizontal symmetry is broken spontaneously and as you add a group of grand unification, this will establish the general details with the characteristics of both masses and mixing between components of the multiplets, the incorporation of horizontal symmetry will be made only make fine adjustments to the theory, as it induces mixing and mass differences really calculated. The additional Higgses introduced to break the horizontal symmetry, will contribute in some way and will have to be dimensioned. Is adjusting these parameters allowing us to use experimental data to implement models with different symmetries. In fact, using a horizontal symmetry instead of degeneration imposed between components of a multiplet, is a very good motivation to use [46]. Consider an example. Suppose we have a symmetry group G = SU(N)_I ⊗ SU(N)_{II} , restricted to N = 3n_f + N^′_cN^′_F quark flavors and colors. In the representation of the symmetry, Δ → (N, N̄), Δ = N^2−1∑

n=0 δ_nδ_n, λ_0 = √ 2 N I_{N×N}, (7) SU(N)_I ⊗ SU(N)_{II} → SU(3n_f ) ⊗ SU(N^′_cN^′_F )_{I+II} ⊗ U(1)^{I+II}_Σ , (8) where the break is performed with < Δ >=< δ_0 > λ_0+ < δ_Σ > λ_Σ

con ν = √_{N ′} c N^′_F 3n_f

λ_Σ = √ 2 N [ ν · · −ν^{−1} ] . The generators T_a =^1_2 λ_a, λ_aλ_0 = λ_0λ_q =

√_1

N λ_a for all a; the trace T rλ_aλ_b = 2δ_{ab}, the λ_f are the generators of SU(3n_f ), the λ_F are the generators of SU(N^′_cN^′_F ) fulfilling the relationship

λ_f λ_Σ = λ_Σλ_f = ν √ 2 N λ_f (9)

λ_F λ_Σ = λ_Σλ_F = −ν^{−1} √ 2 N λ_F . (10)

For the interaction

D_μΔ = ∂_μΔ − ig_I Y^I_{μa}T_aΔ + ig_{II} Y^{II}_{μa} ΔT_a. (11)

The expectation value is < Δ >= δ_0λ_0 + δ_Σλ_Σ. (12) Disaggregating

D_μ < Δ > = −i^{gI}_2 Y^I_a λ_a(δ_0λ_0 + δ_Σλ_Σ) + i^{gII}_2 Y^{II}_a (δ_0λ_0 + δ_Σλ_Σ)λ_a

= −i^{δ0}_2 (g_I Y^I_a − g_{II} Y^{II}_a )

√_2

N λ_a − i^{δΣ}_2 (g_I Y^I_a λ_aλ_Σ − (g_{II} Y^{II}_a λ_Σλ_a)). (13)

For λ_f

D_μ < Δ > = −i^{δ0}_2 (g_I Y^I_f − g_{II} Y^{II}_f )

√_2

N λ_f − i^{δΣ}_2 (g_I Y^I_f − g_{II} Y^{II}_f )ν

√_2 N λ_f = −i^1_2

√_2 N (g_I Y^I_f − g_{II} Y^{II}_f )(δ_0 + νδ_Σ)λ_f . (14)

From this it follows for the trace T r{(D_μ < Δ >)^†D_μ < Δ >} = 2^1_4^2_N (δ_0 +νδ_Σ)^2(g^2_I + g^2_{II} )Ȳ_f^2, Ȳ_f =^1√_{g2I +g2II} (g_I Y^I_f − g^{II}_{II} ). For λ_F

D_μ < Δ >= −i^{δ0}_2 (g_I Y^I_F − g_{II} Y^{II}_F )

√_2

N λ_F − i^{δΣ}_2 (g_I Y^I_F − g_{II} Y^{II}_F )ν

√_2 N λ_F = −i^1_2

√_2 N (g_I Y^I_f − g_{II} Y^{II}_f )(δ_0 + νδ_Σ)λ_f , (15) similarly T r{(D_μ < Δ >)^†D_μ < Δ >} = 2^1_4^2_N (δ_0 + νδ_Σ)^2(g^2_I + g^2_{II} )Ȳ_F^2, Ȳ_F =^1√_{g2} I +g^2_{II} (gI Y I F − g^{II}_{II} ). For λ_Σ

D_μ < Δ > = −i^{δ0}_2 (g_I Y^I_Σ − g_{II} Y^{II}_Σ )

√_2

N λ_Σ − i^{δΣ}_2 (g_I Y^I_Σ − g_{II} Y^{II}_Σ )^2_N ( ν^2 0 0 ν^{−2} )

= −i^1_N (g_I Y^I_Σ − g_{II} Y^{II}_Σ )[ ( δ_0 ν 0 0 −δ_0 ν^{−1} ) + ( δ_Σ ν^2 0 0 δ_Σ ν^{−2} ) ] (16)

= −i^1_N (g_I Y^I_Σ − g_{II} Y^{II}_Σ )[ ( δ_0 ν + δ_Σ ν^2 0 0 δ_Σ ν^{−2} − δ_0 ν^{−1} ) ]. For the trace

T r{(D_μ < Δ >)^†D_μ < Δ >} =^1_{N 2} (g_I Y^I_Σ − g_{II} Y^{II}_Σ )^2[3n_f (δ_0ν + δ_Σν^2)^2 + N^′_cN^′_F (δ_Σν^{−2} − δ_0ν^{−1})^2] (17) = N^′_cN^′_F )(δ_0ν + δ_Σν^2)^2 + 3n_f (δ_Σν^{−2} − δ_0ν^{−1})^2 = Nδ^2_Σ + (δ_0 + (ν − ν̄^′ )δ_Σ)^2,

where was used

ν^2 = N^′_cN^′_F 3N_f , (18)

N^′_cN^′_F ν^{−1} = N^′_cN^′_F √ 3n_f N^′_cN^′_F = √ 3N^′_cN^′_F , (19)

3n_f ν = 3n_f N^′_cN^′_F 3N_f = √ 3N_f N^′_cN^′_F , (20)

for the trace T r{(D_μ < Δ >)^†D_μ < Δ >} = 1 N [δ^2_Σ + (δ_0 + (ν − ν̄^′ δ_Σ)^2](g^2_I + g^2_{II} )Ȳ_Σ^2, (21)

now for λ_r

λ_r = ( 0 1 1 0 ) , λ_{r+1} = [ 0 −i i 0 ] , where

λ_rλ_Σ = √ 2 N [ 0 1 1 0 ] [ ν 0 0 −ν^{−1} ] = √ 2 N [ 0 −ν^{−1} ν 0 ] λ_Σλ_r = √ 2 N [ ν 0 0 −ν^{−1} ] [ 0 1 1 0 ] = √ 2 N [ 0 ν −ν^{−1} 0 ]

λ_{r+1}λ_Σ = √ 2 N [ 0 −i i 0 ] [ ν 0 0 −ν^{−1} ] = √ 2 N [ 0 −iν^{−1} iν 0 ]

λ_Σλ_{r+1} = √ 2 N [ 0 −iν −iν^{−1} 0 ] , for the trace T r{(D_μ < Δ >)^†D_μ < Δ >} = 1 N (δ_0 + νδ_Σ)^2Y^2_f + 1 N (δ_0 − ν^{−1}δ_Σ)^2(g^2_I + g^2_{II} )Ȳ_F^2 + 1 N [δ^2_Σ + (δ_0 + (ν − ν̄^′ )δ_Σ)^2](g^2_I + g^2_{II} )Ȳ_Σ^2 + 1 N [δ_0 + 1 2 (ν − ν̄^′ )δ_Σ)^2Σ_ϵ(g_I Y^I_ϵ − g_{II} Y_ϵ)^2 + 1 4N δ^2_Σ(ν − ν̄^′ )^2 ∑ ϵ (g_I Y^I_ϵ + g_{II} Y^{II}_ϵ )^2. (22)

To obtain the mass matrix of bosons Y_i is now necessary to consider all possible paths of spontaneous symmetry breaking G_H → SU(3)_c ⊗ SU(N^′ )_c′ through < Δ >≠0 is broken to SU(N)_I ⊗ SU(N)_{II} → SU(N)_{I+II} , (23) SU(N)_{L+dR+uR} → SU(3)_c ⊗ SU(N^′_c′ ), (24) now we have

a(g_I Y^I − g_{II} Y^{II} )^2 + b(g_I Y^I + g_{II} Y^{II} )^2 − 2ag_I g_{II} Y^I Y^{II} + 2bg_I g_{II} Y^I Y^{II} (2(b − a))

a_{11} 0 a_{13} 0 a_{15} 0 0 a_{22} 0 a_{24} 0 a_{26} a_{13} 0 a_{33} 0 a_{35} 0 0 a_{24} 0 a_{44} 0 a_{46} a_{15} 0 a_{35} 0 a_{55} 0 0 a_{26} 0 a_{46} 0 a_{66} .

From the eigenvalue problem a − λ 0 b, 0 c 0 0 d − λ 0 e 0 f b 0 g − λ 0 h 0 0 e 0 i − λ 0 j c 0 h, 0 k − λ 0 0 f 0 j 0 l − λ ,

solving

(a−λ) d − λ 0 e 0 f 0 g − λ 0 h 0 e 0 i − λ 0 j 0 h 0 k − λ 0 f 0 j 0 l − λ +b 0 d − λ e 0 f b 0 0 h 0 0 e i − λ 0 j c 0 0 k − λ 0 0 f j 0 l − λ

+c 0 d − λ 0 e f b 0 g − λ 0 0 0 e 0 i − λ j c 0 h 0 0 0 f 0 j l − λ .

We have Y_i i = 1, 2, ...6; Y_i = a_{il}Ȳ_l, is found that Y_{odd} does not mix with Y_{even} thus the breaking G_H → G_{Min} can not mix them. For the other breaks SU(N)_i → SU(3)^{f1}_{ic} ⊗ SU(3)^{f2}_{ic} ⊗ SU(N^′ )^{fϕ}_{ic}′ , (25) through the higgses χ_{[123]}, χ_{[456]} being found not mix between the Y_i thus when used χ_{[ijk]} here is no additional mixing of the Y^{ET C}_i . SU(N)_I ⊗ SU(N)_{II} → SU(N)_{I+II} , (26) realized through the < Δ >= δ_0λ_0. Here there exist a mix in the form 1 N δ^2_0 (g_I Y_I − g_{II} Y_{II} )^2 = c(g^2_I Y^2_I − 2g_I g_{II} Y_I Y_{II} + g^2_{II} Y^2_{II} ). (27)

Besides SU(N)_I ⊗ SU(N)_{II} → SU(3n_f )_{I+II} ⊗ SU(N^′_cN^′_F )_{I+II} ⊗ U(1)^{I+II}_Σ , (28) through the election < Δ >= δ_0λ_0 +δ_Σλ_Σ; mixture exists a(g_I Y_I −g_{II} Y_{II} )^2 +b(g_I Y_I + g_{II} Y_{II} )^2, a =^1_N (δ_0 +1/2(ν −ν^′ δ_Σ)^2, b =^1_{4N} (ν +ν̄^′ )^2δ_Σ)^2, where a = b if λ_0 ∼ λ_Σ ≠ 0. The mixture is greater in case b. The situation with N_f families is such that it has Y_1 Y_{nf +1} Y_{2nf +1} → mixing · · · → mixing · · · → mixing · · · → mixing Y_f Y_{2nf} Y_{3nf} → mixing, and there will be to solve a cubic equation for the eigenvalues. We then obtain after much calculate the branching of the form G_H = SU(N)^q_L ⊗ SU(N)^u_R ⊗ SU(N)^d_R ⊗ SU(M)^l_L ⊗ SU(M)^e_R × G_V G_1 = G_H G_2 = SU(N)_{qL+uR} ⊗ . . . G_3 = SU(N)_{qL+dR} ⊗ . . . (29) G_4 = SU(N)_{qL} ⊗ SU(N)_{uR+dR} ⊗ . . . G_5 = SU(N)_{qL+ur +dR} , con G_{UB} = SU(3)_c ⊗ SU(N^′_c)_c′ (see Figure 2).

5 Discussion

It remains to continue the implementation for the biological case, where according to [35] could introduce a symmetry similar to isospin in nuclear physics and that has given the name of polarity. This reinforces our intention to use the tools of particle physics in the algebraic approximation of Lie groups introduced by Hornos [1, 2, 3] to study the structure of the genetic code and in particular certain specific symmetries as sp(6) to reproduce the pattern of degeneration of the codons in multiplets. Moreover the fact that Forger has involved already Lie superalgebras [3], and Brashford [34, 35] too, and the fact that due to degeneration when making assignment of codons to a few amino acids, which requires enlarge more the symmetry, when this symmetry is broken to subalgebras, this gives rise to the need to incorporate more amino acids each with their own redundancy in the codons. In [45] was emphasized that biochemical factors were key elements for studying the evolution of the genetic code. Here is that the incorporation of the horizontal symmetry could give us information regard it, because it could study the labeling scheme. Then has to be find

Figure 2: SSB for the horizontal symmetry the pattern which leads us to find a correct content of multipletes corresponding to the genetic code previously calculated with the sp(6) symmetry. Like in the great unification models we would have here a pattern of repetition of families.

References

[1] José Eduardo M. Hornos, Yvone M. M. Hornos and Michel Forger, International Journal of Modern Physics B, vol13, (1999) 2795-2885 [2] José Eduardo M. Hornos and Yvone M. M. Hornos, Phys. Rev. Lett. 71, (1993) 4401-4404 [3] Michel Forger, Yvone M. M. Hornos José Eduardo, Marthino Hornos, Phys.

Rev. E V56, (1997) 7078-7082 [4] Fernando Antoneli Jr., Miguel Forger, José Eduardo M. Hornos, Modern, Physics Letters B, Vol 18, No. 18 (2004) 971-978 [5] Georgi, H., Glashow, S. L., Physical Review Letters 32: 438-441 (1974) [6] Pati, J, Salam, A. Physical Review D 10; 275-289 (1974) [7] M.W. Pfaffl, Nucl. Acids, Res. 29 (2001) 2002-2007 [8] A. Zaslaver, A. Bren, M. Ronen, S. Itzkovitz, I. Kikoin, S. Chavit, W. Liebermeister, M.G. Surette, U. Alon, Nature Methods 3 (2006) 623-628 [9] Freeland, S. J., Knight, D. D., Landweber, L.F., Hurst, L.D., Mol. Biol. Evol.

17, (2000) 511-518 [10] Sella,G., Ardell, D.H., J. Mol. Evol. 63, (2006) 1393-1394 [11] V. Sitaramam, FEB 06994, V247, (1998), 46-50 [12] Jestin, J.L., Kempf, A. FEBS Lett. 419, (1997) 153-156; Jestin, J.L. (2006), C.R. Biologies, 329, 168 [13] Lehmann, J. J. Theor. Biol. 202, 129-144 [14] Alexandre F. Ramos and José E. M. Hornos, Phys. Rev. Lett. 99, 108103 (2007)

[15] José Eduardo M. Hornos, Lígia Braggion, Marcio Magini, and Michel Forger, IUBMB Life, 56(3): 125-130; Marcel Novaes and José Eduardo M. Hornos, Annals of Physics 315 (2005) 453-466; A.F. Ramos, G.C.P. Innocentini, F.M. Forger, J.E.M. Hornos, IET Syst. Biol. 2010, Vol 4, pp. 311-329

[16] Fernando Antoneli Jr., Lígia Braggion, Michel Forger and José Eduardo M.

Hornos, International Journal of Modern Physics B V17, (2003) 3135-3204

[17] Sebastian Sachse, Christian Roeder, Core Industry Soutions SAP Baking 2011, Financial services, CSC Deutschland GmbH, Abraham-Lincoln-Park 1, 65189 Wiesbaden, Germany; Carolin Kiosiol, Nick Goldman, Nigel H. Buttimore, Journal of Teoretical Biology 228 (2004) 97-106

[18] S. Okubo and J. Patera, J. Math. Phys. 25, 219 (1984)

[19] L. E. H. Trainor, G. W. Rowe, and V. L. Szabo, J. Theor. Biol. (1984) 108, 459-468

[20] Miguel Angel Jiménez Montaño, BioSystems 98 (2009) 105-114; ibid BioSystems 32, (1994) 11-23; ibid BioSystems 32 (1994) 11-23

[21] J. Balakrishnan, arXiv:physics/0308091v1

[22] Robersy Sánchez, Ricardo Grau, Eberto Morgado, Mathematical Biosciences 202 (2006) 156-174

[23] Jean Luc Jesin, BioSystems 99 (2010), 1-5; Antonin Guilleoux, Jean-Luc Jestin, BioSystems 109 (2012) 141-144; Georges Cullman, Jean-Miguel Labduygues, The logic of the genetic code, 5 ICMM, 1984; Donald M. Crothers, J. Mol. Biol. (1982) 162, 379-391; Masami Hasegawa and Taka-Aki Yano, Math. Bio. 24, (1975) 169-182; Georges Cullmann and Jean-Michel Lsbouygues, BioSystems 16, (1983) 9-29; Edward A. Rietman, Robert L. Karp and Jack A. Tuszynski, Theoretical Biology and Medical Modelling 2011, 8:21; Tidjani Négadi, International Journal of Quantum Chemistry, v91, 651-662 (2003); Marc Delarue, doi:10.1261/rna.257607; M. Magini e R.L. de O. Gomes, Revista Brasilerira de Ensino de Fisica, V26, p. 365 (2004); J. D. Bashford, P.D. Jarvis, arXiv:physics/0001066v3 (2000)

[24] Robersy Sánchez, Ricargo Grau, Mathematical Biosciences 221 (2009) 60-76

[25] K. T. Hetch, Nuclear Physics A484 (1988); Sudha R. Swaminathan and K. T.

Hecht, Phys. Rev. C V50 (1994) 1471-1491

[26] F. Iachello, Chem. Phys. Lett. 78 (1981), 581; A. Arima, and F. Iachello, Ann.

Phys. 99 (1976) 253; A. Arima and F. Iachello, The interacting boson model, Cambridge Monographs on Mathematical Physics (Cambridge University Press, Cambridge, 1987)

[27] A. Zepeda, Phys. Lett. 132 B (1983) 407; ibid (1987) 623E; Albino Hernandez Galeana, ArXiv:hep-ph/04063152v2; Phys. Rev. D76, 093006 (2007); R. Gaitan-Lozano,A. Hernandez-Galeana, SA Tomas, Phys. Rev. D (1995); A. Hernandez Galeana, WA Ponce, and A. Zepeda, Z Phys. C55 (1992) 423-434, doi:10.1007/BF01565101; Paul H. Frampton and Otto C.A. Kong, Phys. Rev. Lett. 77, (1996) 1699-1702; K.S. Babu, Xiao-Gang He, Phys. Rev. D36, (1987) 3484-3493; A. Davidson, M, Koca, and K.C. Wali, Phys. Rev. LEtt. 43, 92 (1979); Phys. Rev. D20, 1195 (1979); Shanker, Phys. Rev. D23, 1555 (1981); D.R. T. Jones, G.L. Kane, and J. P. Leveille, Nucl. Phys. B198, 45 (1982)

[28] C.S. Lam, Phys. Rev. D78: 073015, (2008); ibid Phys. Rev. Lett. 101, 121602 (2008); arXiv:1105.4622v1, hep-ph 23 May 2011

[29] Nieselt-Struwe K., Wilis P. R., J. Theor. Biol. 187, (1997) 1-14

[30] Findley, G. L., A. M. McGlynn, S. P., Proc. Natl. Acad. Sci. U.S.A. 79, (1982) 7061-7065; ibid J. Theor. Biol. 97, 299-318; Jiménez-Montaño, M. A., BioSystems 54, (1999) 47-64

[31] R.D. Kent, M. Schlesingerm and B.G. Wybourne, Can. J. Phys. 76: 445-452 (1998)

[32] L. O’Raifeartaigh, Phys. Rev. V139, B1035 (1965)

[33] Michel Forger and Sebastian Sachse, Journal of Mathematical Physics V41 (2000) 5407-5422, arXiv:math-ph/9905017v1; arXiv:math-ph/980800v1

[34] J.D. Bashford, I. Tsohantjis, and P.D. Jarvis, Proc. Natl. Acad. Sci. USA, Vol.

95, pp. 987-992 (1998)

[35] J.D. Bashford, I. Tsohantjis, and P.D. Jarvis, Physics Letters A233 (1997) 481- 488

[36] Marco V. José, Eberto R. Morgado, Robersy Sánchez, Tzipo Govesensky, Advanced Studies in Biology, Vol 4, 2012, no3, 119-152 [37] Ignacy Z. Siemion, Przemyslaw J. Siemion, BioSystems 33 (1994) 139-184 [38] Edward A. Rietman, Robert L. Karp and Jack A. Tuszynski, Theoretical Biology and Medical Modelling 2011, 8:21 [39] Miloje M. Rakcevic, Journal of Theoretical Biology 229 (2004) 221-234 [40] Vitaly V. Sukhodelets, J. Theo. Biol, (1989) 141, 379-389; Journal of Theoretical Biology 247 (2007) 391.394 [41] Andrew J. Doig, J. Theor. Biol. (1997) 188, 355-360 [42] M. Magini and J.E.M. Hornos, A dynamical system for the Algebraic Approach to the Genetic Code, (2003) 1967 [43] Tidjani Négadi, International Journal of Quantum Chemistry, Vol 91, 651-662 (2003) [44] Barbara Shrempp and Fridger Shcrempp, Nuclear Physics B231 (1984) 109-138;

ibid B242 (1984) 203-232 [45] J.D. Bashford, and P.D. Jarvis, Biopolymers Vol 73, 657-667 (2004) [46] Y. Nir and N. Seiberg, Phys. Rev. Lett. B309, 337 (1993); M. Dine, R. Leigh, and A. Kogan, Phys. Rev. D48, 4269 (1993) [47] Fernando Castro-Chavez, Journal of Theoretical Biology 264 (2010) 711-721 [48] Robersy Sánchez, Ricardo Grau, Eberto Morgado, Mathematical Biosciences 202 (2006) 156-174