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In this letter, we describe a new mathematical model of the standard genetic code using only 

the (Super Perfect Number) 64, the number of the triplet codons, and the elementary proper- 

ties of the Fibonacci/Lucas numbers. From its deciphering in the sixties of the last century 

[1], several mathematical studies of the genetic code have been conducted, most of them re- 

lying on the use of group theory without ever finding an exact modeling. In these studies, one 

starts from a given 64-dimensional irreducible representation of some group, the symplectic 

group Sp(6) being the most promising one, see Ramos et al., 2010 [2] and, after a series of 

symmetry breakings, the degeneracy pattern emerges but with a final problem: “freezing”.  

As a matter of fact, in one of the most known and successful attempts (Hornos et al. 1999 

[3]), the authors say: “There is no symmetry breaking pattern through chains of subalgebras 

capable of reproducing exactly the degeneracies of the genetic code. In other words, the phe- 

nomenon of freezing is an essential ingredient, without which there would be no solution.”. In 

the paper mentioned above [2], it is also said “The distribution of multiplets with their respec- 

tive dimensions reached after the last step reproduces exactly the degeneracies found in the 

standard genetic code, but can be realized only if one allows for the phenomenon of freezing: 

otherwise, some additional symmetry breakings would occur in the last step”. Maybe, the 

successful use of group theory to mathematically describe the genetic code degeneracy, as 

mentioned above, has to wait until a “freezing” mathematical procedure is found. 

Here, we choose another route resembling the one using group theory in the sense that we 

start, not from an irreducible representation of some group, but from the number 64, itself.  

Next, we apply a series of number reductions of Fibonacci and Lucas numbers which appear 

from that start.   In this way, we get the exact degeneracy structure without any final trick 

as with group theory (see above). Before continuing, let us recall, briefly, what Fibonacci 
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and Lucas numbers are. The former are defined by the recursion relation Fn:= Fn−2 + 

Fn−1, n = 2, 3, 4, . . . , with the initial conditions F0 = 0, F1 = 1 The latter are defined by the 

same recursion relation Ln:= Ln−2 + Ln−1, n = 2, 3, 4, . . . , but with the initial conditions 

L0 = 2, L1 = 1 The first few members of these two sequences are given in the table below; 

they will be used together with their properties and links in the following 

 

 

Table 1: the first Fibonacci and Lucas numbers 

 
Let us now proceed by first presenting the super perfect numbers which were introduced in 

mathematics in 1969 [4]. A super perfect number n is a number such that σ(2)(n)σ(σ(n)) = 

2n, where σ is the sum of divisors function. Taking n=4, the second super perfect number, 

which is also the number of the fundamental building-blocks of RNA (Uracil U, Cytosine C, 

Adenine A and Guanine G), we have σ(2)(4) = 8. From this latter relation, it is immediate to 

get the number 641: 

 
(2)(4)(2)(4) = 88 = 64 (1) 

As an important remark on the number 64, let us mention that the table of the genetic 

code, below, corresponds in fact to our constructed 88 codon-matrix2 and this latter 

matrix belongs to M(8,8), the set of all 88 matrices to which is associated a vector space of 

dimension dim(M88) = 88 = 64. Note that 64 is also a super perfect number as (2)(64) = 

128 = 2×64. This property has nice applications which will be presented in a forthcoming 

publication. In the above equation, the number 8 is obtained as σ(4) = 7 followed by σ(7) 

= 7 + 1 = 8, so  that we could rewrite it as follows, taking only one of the two eights 

 
(2)(4)(2)(4) = 8(7 + 1) (2) 

1We could have begun by taking the first super perfect number 2, with σ(2)(2) = 4 = 22, to obtain 

the number 64 in the form σ(2)(2)×σ(2)(2)×σ(2)(2) = 43, as usual. In this case, we could rewrite it as 4 × 

(2 × 2) × 4 = (4 × 2) × (2 × 4) = 8 × 8 which gives the same and much more interesting result in our 

Eq.(1). 
2Négadi, T. (2001). Symmetry and proportion in the genetic code, and genetic information from the basics 

units of life, Symmetry: Culture and Science, Vol. 12, 3-4, 371-393. 
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It is interesting to note that the relation 1 + 7 = 8 comes also from the following identity 

between Fibonacci and Lucas numbers Ln+Fn−2 = Fn+2 for n = 4 (L4 = 7, F2 = 1, F6 = 

8), see Table 1. We have therefore two good reasons to write 8 = 7 + 1, one from the property 

of super perfect numbers and the other from the identity linking Fibonacci and Lucas numbers. 

Note also that 8 is the 6th Fibonacci number and 7 the 4th Lucas number. By performing the 

multiplication in Eq.(2), we have the interesting result (see below) 

 
(2)(4)(2)(4) = 56 + 8 = 64 (3) 

Let us recall, first, some well known facts about the genetic code. This latter is a “dictio- 

nary” that translates 64 (triplets) codons into 20 amino acids and peptide termination signals 

or stops. In the standard genetic code there are 61 meaningful codons (that is coding for 

amino acids) and there are 3 stops. As several codons could code for the same amino acid, 

i.e., the mapping 64→20 is not one-to-one, one speaks about degeneracy and results therefore 

a multiplet structure. 
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Table 2: the genetic code table ([6]) 

 

In Table 2, we show this multiplet structure where we have used the one-letter code3 for 

the amino acids. There are 5 quartets (P, A, V, T, G), 9 doublets (F, Y, N, K, C, H, Q, D, E), 3 
3P : Proline, A : Alanine, V : Valine, T : Threonine, G : Glycine, F : Phenylalanine, Y : Tyrosine, N : Asparagine,  

K : Lysine, C : Cysteine, H : Histidine, Q : Glutamine, D : Aspartic acid, E : Glutamic acid, S : Serine, L : Leucine, 

R : Arginine, I : Isoleucine, W : Tryptophane, M : Methionine. 
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sextets (S, L, R), 1 triplet (I) and 2 singlets (W, M). A quartet is coded by four codons, a sextet 

by six codons, a doublet by two codons, a triplet by three codons and a singlet by only one 

codon. Also, in the table, we show the well known Rumer’s division of the genetic code table 

into two sets we call M1 (grey background) and M2, see [6]. In M1, also called group-IV, 

there are 8 quartets, that is, 5 true quartets and 3 quartet-parts of the three sextets (total: 32 

codons) and each quartet of codons codes for the same amino acid. In M2 (group-I, group 

II, group-III and 3 stops (total: 32 codons) this is not the case. Equivalently, in M1, the third 

base in the codon does not need to be specified in order to define an amino acid and, in M2, 

three bases have to be specified in order to define an amino acid or a stop signal. 

Let us now return to equations (2) and (3). As a first interesting result, these latter make it 

possible to separate the number of codons for even multiplets from the number of codons for 

odd multiplets: we have 5 × 4 +9 × 2 +3 × 6 = 56 for the former and 1 × 3 +2 × 1 +3 = 8 for 

the latter, where the last 3 is for three stops. Next, to reach our main result, we have to follow 

just two steps. In the first one, let us observe that 8, as a Fibonacci number, could be written 

as 5+3 and 7, as a Lucas number, could be written as 4+3 (see table 1 above) so that we 

have, from Eq.(2) 
 

(2)(4)(2)(4) = (5 + 3)(4 + 3 + 1) 

                                                  = [(5 + 3)4] + [(5 + 3)3 + 5 + 3] 

 
(4) 

In the second and final step, we write 5 in the second bracket of the above equation, also 

a Fibonacci number, as 3+2 to get 

 
(2)(4)(2)(4) = [(5 + 3)4] + [(2 + 3 + 3)3 + 3 + 2 + 3] (5) 

This is our main result. The first bracket corresponds to the set M1 with 5 quartets and 3 

quartet-parts of the three sextets (see Table 2 in grey). Here, we have 5×4+3×4 = 20+12 = 

32 codons. The terms in the second bracket correspond to the set M2 with respectively 9 

doublets, 3 doublet-parts of the three sextets, one triplet (1 × 3), 2 singlets (2 × 1) and finally 

3 stops: 9×2 + 3×2 + 1×3 + 2×1 + 3 = 32 codons. We have thus the exact Rumer’s 

division of the genetic code table. Finally, dropping the brackets and rearranging, we get 

 
     (2)(4)(2)(4) = 5×4 + 3×(4 + 2) + 9×2 + 3 + 2 + 3 = 64 (6) 

This new form is the multiplet structure also in an exact form: 5 quartets (5×4), 3 sextets 

with their characteristic “4+2” pattern 3×(4+2) = 3×6, 9 doublets (9×2), 1 triplet (1×3), 

2 singlets (2×1) and finally the 3 stops. We have thus obtained the exact degeneracy structure 

of the standard genetic code without any need to invoke a last “trick” as with group theory 
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(see above). Before closing this Letter, let us see how the above number theory analysis of the 

standard genetic code could also be applied to the symmetric vertebrate mitochondrial genetic 

code for which famous Francis Crick’s hypothesis (or wobble rule) explains its degeneracy. 

According to this rule, only the first two bases of the codon have precise base-pairing (Watson- 

Crick pairing) with the tRNA anticodon, while the pairing between the third base of the codon 

and the first base of the anticodon is not precise (not of W-C type); it is said that there is a 

wobbling of these two bases. In the case of the vertebrate mitochondrial genetic code, as 

mentioned above, the above rule appears suited to explain its degeneracy. Here, there are 

neither singlets nor triplets but only doublets, quartets and sextets. In the detail we have (see 

[10]) 6 quartets (P, A, V, T, G, R), 12 doublets (F, Y, N, K, C, H, Q, D, E, M, W, I), 2 sextets 

(S, L) and finally 4 stops. Returning to our Eq.(5), we could re-write it as 

 
 (2)(4)(2)(4) = [(5 + 1 + 2)4] + [29 + 32 + 8] (7) 

where, in the first bracket, we have written the Fibonacci number 3 as 1 + 2 and, in the 

second bracket, we have restored the original Fibonacci number 8 (see Eqs.(3)-(5)). Writing 

now this last number as 4 + 4 because (2)(4)=8=24 = 4 + 4 = 22 + 22 (see above: 4 is a 

super perfect number), we get by dropping the brackets and rearranging 
 

  (2)(4) (2)(4) = (5 + 1)4 + 24 + 29 + 23 + 22 + 22 

                    =(5 + 1)4 + 2(4 + 2) + (9 + 3)2 + 22 = 64 + 26 + 122 + 22=64 

 
(8) 

We have thus described, in Eq.(8), also, the multiplet structure of the vertebrate mitochon- 

drial genetic code: 6 quartets (64), 2 sextets (26), 12 doublets (122) and finally 2 

doublets stops (22). Observe the nice fitting obtained. First, there is one more quartet, R, 

besides the usual 5  ones in the standard genetic code and the pattern obtained is 5 + 1, see 

Eq.(8). Second, there   are here 3 more doublets (W, M and I) besides the 9 usual ones in the 

standard genetic code  and the pattern obtained is 9 + 3, see the second line of Eq.(8). 

Third, the two sextets have their usual “4 + 2” pattern, see the second line of Eq.(8). Note 

that the characteristic symmetry pattern “232”, in this case, appears already from the start 

by writing Eq.(1) in the form          8×(4+4) =32+32, see the third line after Eq.(7). Let us 

finally mention that the above elementary number theory (new) model of the genetic code 

could reproduce easily and nicely our 2007 “One-Number Model” of the genetic code, [5]. 

This will be shown in a forthcoming publication, because of a place limitation in this Letter. 

As a last word, let us stress that the use of Fibonacci numbers in the study of the genetic 

code has proven to be fruitful [7, 8, 9]. 
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