
 1 

 

 

ON THE COMPLETENESS OF GENETIC CODE: SOME NEW EXAMPLES 

 

 

Miloje M. Rakočević 

Department of Chemistry, Faculty of Science, University of Nish, Serbia 

(E-mail: milemirkov@open.telekom.rs; www.rakocevcode.rs) 

  

 
Abstract. In the paper is presented the chemically meaningful splitting of codons after pyrimidine / 

purine distinctions; such a splitting that is accompanied by the balance of number of atoms in the set of 61 

amino acid molecules. In doing so, the increase / decrease of number of atoms occurs in the quantities of 

decimal units, what can be understood as analogous filling of the orbitals within atoms. 

 

      In a previous work (Rakočević, 2004) we put forward the hypothesis that the Genetic Code 

(GC) was complete even in prebiotic conditions. As evidence indicated the unity of the 

physicochemical properties of amino acids (AAs) and arithmetical regularities of the number of 

atoms and nucleons within genetic code constituents (Figure 1 in relation to Table 1.1). In this 

paper, however, we present a few new examples of this unity. In addition, as the 

physicochemical properties of the amino acids are taken the distinctions corresponding to the 

codons; distinctions according pyrimidine / purine type (Py/Pu) of nucleotides and/or binding of 

nucleotides with two/three hydrogen bonds. 

      In Table 1.2, under (a) and (b), we have the situation that we have already presented 

(Rakočević, 2004 Table 3a; here: Fig. 1). Now we show that indicated Py/Pu splitting 

corresponds to the 8th, 9th and 10th case in a specific arithmetical system (Table 1.1).  

      In Tables 2-6 are listed examples of chemicaly meaningful distinctions.
1
 Immediately it is 

obvious an analogy with the filling of orbitals in an atom: the splittings are accompanied by 

increasing / decreasing of the quantities of number of atoms for one, two or more units of the 

number-decades. 

       The conclusion imposes itself. Such strict regularity would not be able to occur if it were true 

(as most researchers thought) that it  is so in the GC, in the act of the origin of life, when were 

only 7 to 8 AAs; and later, apparently, that number increased during the "evolution" of genetic 

code. However, after our opinion, it can evolve only the life, but not his code. If it did that, then 

it would not be a possibility for the existence of one and such a code.       

                                                           
1
 According to our hypothesis (and prediction), missing quantities (crossed out in the legends to illustrations) will be 

found during future researches; or will show that some of these cases represent a kind of jumps / falls, or even a 

„veto“. 

http://www.rakocevcode.rs/
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Figure 1. “The number of atoms within AAs (side chains). First column (I-III) designates the type of the 

base in first-third position of corresponding codons. The letters U, C, A, G are related to four columns in 

Genetic Code Table. Within two inner and two outer rows as well as within two first and two second 

columns there are (8 x 33), [(9 x 33) ± 1], and (10 x 33) of atoms, respectively” (Rakočević, 2004).  

 

 

27  162  1782  17982  999 ... 81  891  8991  999 … 
… 
… 
… 
… 
… 
… 
… 
… 

26  156  1716  17316  962 78  858  8658  962 

25  150  1650  16650  925 75  825  8325  925 

…         …       

13  78  858  8658  481 39  429  4329  481 

12  72  792  7992  444 36  396  3996  444 

11  66  726  7326  407 33  363  3663  407 

10  60  660  6660  407 30  330  3330  407 

09  54  594  5994  333 27  297  2997  333 

08  48  528  5328  296 24  264  2664  333 

…         …       

03  18  198  1998  111 9  99  999  111 

02  12  132  1332  074 6  66  666  074 

01  6  66  666  037 3  33  333  037 

 

Tab. 1.1. The multiples of numbers 6, 66 and 666 and of their halves 3, 33 and 333, respectively. Here 

one must notice that this relationship is an example of „the symmetry in the simplest case“ (Marcus, 

1989). Notice also that 8th, 9th and 10th case corresponds with the number of atoms in GC, as it is 

presented in Figure 1 and Table 1.2.  
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(c) = 340/254 (d) = 350/244 
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(a) = 296/298 (297±1); [(33 x 9) ± 1] (b) = 330/264; [33 x (9 ± 1)] 

            

Tab. 1.2. The splitting into pyrimidine/purine codons as in Figure 1 with two results more (340 and 350) 
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(c) = 310/284 (d) = 310/284 
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(c) = 320/274 (d) = 310/284 
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(a) = 330/264 (b) = 320/274 

 

Tab. 2. The splitting under (a) gives the same resut (pattern) as in Table 1.2 under (b). After the quantity 

330 follow the quantities 320 and 310; the 320 in two and 310 in three synonymous situations.   
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(c) = 270/324 (d) = 260/334 
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UUC (F) 

UUA  (L) 

UUG (L) 

UCU(S) 
UCC(S) 

UCA(S) 

UCG(S) 

UAU(Y) 
UAC(Y) 

UAA(ct) 

UAG(ct) 

UGU(C) 
UGC(C) 

UGA(ct) 

UGG(W) 

CUU (L) 

CUC (L) 
CUA (L) 

CUG (L) 

CCU(P) 

CCC(P) 
CCA(P) 

CCG(P) 

CAU(H) 

CAC(H) 
CAA(Q) 

CAG(Q) 

CGU(R) 

CGC(R) 
CGA(R) 

CGG(R) 

AUU (I) 
AUC (I) 

AUA (I) 

AUG (M) 

ACU(T) 
ACC(T) 

ACA(T) 
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AAA(K) 
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GCC(A) 
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GCG(A) 
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GAC(D) 
GAA(E) 

GAG(E) 

GGU(G) 

GGC(G) 
GGA(G) 

GGG(G) 
 

UUU (F) 
UUC (F) 

UUA  (L) 

UUG (L) 

UCU(S) 
UCC(S) 

UCA(S) 

UCG(S) 

UAU(Y) 
UAC(Y) 
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UAG(ct) 

UGU(C) 
UGC(C) 

UGA(ct) 

UGG(W) 

CUU (L) 

CUC (L) 
CUA (L) 

CUG (L) 

CCU(P) 

CCC(P) 
CCA(P) 

CCG(P) 

CAU(H) 

CAC(H) 
CAA(Q) 

CAG(Q) 

CGU(R) 

CGC(R) 
CGA(R) 

CGG(R) 

AUU (I) 
AUC (I) 

AUA (I) 

AUG (M) 

ACU(T) 
ACC(T) 

ACA(T) 

ACG(T) 

AAU(N) 
AAC(N) 

AAA(K) 

AAG(K) 

AGU(S) 
AGC(S) 

AGA(R) 

AGG(R) 

GUU(V) 

GUC(V) 
GUA(V) 

GUG(V) 

GCU(A) 

GCC(A) 
GCA(A) 

GCG(A) 

GAU(D) 

GAC(D) 
GAA(E) 

GAG(E) 

GGU(G) 

GGC(G) 
GGA(G) 

GGG(G) 
 

(a) = 290/294 (b) = 280/314  

 

Tab. 3. The further splitting: after the quantity 310 follow the quantities 300, 290, 280, 270 and 260. 

Notice that the case under (b) is very specific: all AAs within dark toned areas are nonpolar, while in light 

tones – polar. By this the square balance is 4±0. On the other hand, in intermedial area the square balance 

is 4±1: within three squares on the left are nonpolar AAs (LIMA), while within five on the right – polar 

(DERYS). (For details see in: Rakočević, 2014.) 
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AGC(S) 
AGA(R) 

AGG(R) 

GUU(V) 

GUC(V) 

GUA(V) 
GUG(V) 

GCU(A) 

GCC(A) 

GCA(A) 
GCG(A) 

GAU(D) 

GAC(D) 

GAA(E) 
GAG(E) 

GGU(G) 

GGC(G) 

GGA(G) 
GGG(G) 

 

UUU (F) 

UUC (F) 
UUA  (L) 

UUG (L) 

UCU(S) 

UCC(S) 
UCA(S) 

UCG(S) 

UAU(Y) 

UAC(Y) 
UAA(ct) 

UAG(ct) 

UGU(C) 

UGC(C) 
UGA(ct) 

UGG(W) 

CUU (L) 

CUC (L) 
CUA (L) 

CUG (L) 

CCU(P) 

CCC(P) 
CCA(P) 

CCG(P) 

CAU(H) 

CAC(H) 
CAA(Q) 

CAG(Q) 

CGU(R) 

CGC(R) 
CGA(R) 

CGG(R) 

AUU (I) 

AUC (I) 
AUA (I) 

AUG (M) 

ACU(T) 

ACC(T) 
ACA(T) 

ACG(T) 

AAU(N) 

AAC(N) 
AAA(K) 

AAG(K) 

AGU(S) 

AGC(S) 
AGA(R) 

AGG(R) 

GUU(V) 

GUC(V) 

GUA(V) 
GUG(V) 

GCU(A) 

GCC(A) 

GCA(A) 
GCG(A) 

GAU(D) 

GAC(D) 

GAA(E) 
GAG(E) 

GGU(G) 

GGC(G) 

GGA(G) 
GGG(G) 

 

(a) = 258/336 (b) = = 248/346 

UUU (F) 

UUC (F) 
UUA  (L) 

UUG (L) 

UCU(S) 

UCC(S) 
UCA(S) 

UCG(S) 

UAU(Y) 

UAC(Y) 
UAA(ct) 

UAG(ct) 

UGU(C) 

UGC(C) 
UGA(ct) 

UGG(W) 

CUU (L) 

CUC (L) 

CUA (L) 
CUG (L) 

CCU(P) 

CCC(P) 

CCA(P) 
CCG(P) 

CAU(H) 

CAC(H) 

CAA(Q) 
CAG(Q) 

CGU(R) 

CGC(R) 

CGA(R) 
CGG(R) 

AUU (I) 

AUC (I) 
AUA (I) 

AUG (M) 

ACU(T) 

ACC(T) 
ACA(T) 

ACG(T) 

AAU(N) 

AAC(N) 
AAA(K) 

AAG(K) 

AGU(S) 

AGC(S) 
AGA(R) 

AGG(R) 

GUU(V) 

GUC(V) 

GUA(V) 

GUG(V) 

GCU(A) 

GCC(A) 

GCA(A) 

GCG(A) 

GAU(D) 

GAC(D) 

GAA(E) 

GAG(E) 

GGU(G) 

GGC(G) 

GGA(G) 

GGG(G) 
 

UUU (F) 

UUC (F) 
UUA  (L) 

UUG (L) 

UCU(S) 

UCC(S) 
UCA(S) 

UCG(S) 

UAU(Y) 

UAC(Y) 
UAA(ct) 

UAG(ct) 

UGU(C) 

UGC(C) 
UGA(ct) 

UGG(W) 

CUU (L) 

CUC (L) 

CUA (L) 
CUG (L) 

CCU(P) 

CCC(P) 

CCA(P) 
CCG(P) 

CAU(H) 

CAC(H) 

CAA(Q) 
CAG(Q) 

CGU(R) 

CGC(R) 

CGA(R) 
CGG(R) 

AUU (I) 

AUC (I) 
AUA (I) 

AUG (M) 

ACU(T) 

ACC(T) 
ACA(T) 

ACG(T) 

AAU(N) 

AAC(N) 
AAA(K) 

AAG(K) 

AGU(S) 

AGC(S) 
AGA(R) 

AGG(R) 

GUU(V) 

GUC(V) 

GUA(V) 

GUG(V) 

GCU(A) 

GCC(A) 

GCA(A) 

GCG(A) 

GAU(D) 

GAC(D) 

GAA(E) 

GAG(E) 

GGU(G) 

GGC(G) 

GGA(G) 

GGG(G) 
 

(a) = 288/306 (b) = 278/306 

 

Tab. 4. After the quantity 298 in Table 1.2 follow the quantities 288, 278, 268, 258 and 248. 
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UUU (F) 

UUC (F) 
UUA  (L) 

UUG (L) 

UCU(S) 

UCC(S) 
UCA(S) 

UCG(S) 

UAU(Y) 

UAC(Y) 
UAA(ct) 

UAG(ct) 

UGU(C) 

UGC(C) 
UGA(ct) 

UGG(W) 

CUU (L) 

CUC (L) 
CUA (L) 

CUG (L) 

CCU(P) 

CCC(P) 
CCA(P) 

CCG(P) 

CAU(H) 

CAC(H) 
CAA(Q) 

CAG(Q) 

CGU(R) 

CGC(R) 
CGA(R) 

CGG(R) 

AUU (I) 

AUC (I) 
AUA (I) 

AUG (M) 

ACU(T) 

ACC(T) 
ACA(T) 

ACG(T) 

AAU(N) 

AAC(N) 
AAA(K) 

AAG(K) 

AGU(S) 

AGC(S) 
AGA(R) 

AGG(R) 

GUU(V) 

GUC(V) 

GUA(V) 
GUG(V) 

GCU(A) 

GCC(A) 

GCA(A) 
GCG(A) 

GAU(D) 

GAC(D) 

GAA(E) 
GAG(E) 

GGU(G) 

GGC(G) 

GGA(G) 
GGG(G) 

 

UUU (F) 

UUC (F) 
UUA  (L) 

UUG (L) 

UCU(S) 

UCC(S) 
UCA(S) 

UCG(S) 

UAU(Y) 

UAC(Y) 
UAA(ct) 

UAG(ct) 

UGU(C) 

UGC(C) 
UGA(ct) 

UGG(W) 

CUU (L) 

CUC (L) 
CUA (L) 

CUG (L) 

CCU(P) 

CCC(P) 
CCA(P) 

CCG(P) 

CAU(H) 

CAC(H) 
CAA(Q) 

CAG(Q) 

CGU(R) 

CGC(R) 
CGA(R) 

CGG(R) 

AUU (I) 

AUC (I) 
AUA (I) 

AUG (M) 

ACU(T) 

ACC(T) 
ACA(T) 

ACG(T) 

AAU(N) 

AAC(N) 
AAA(K) 

AAG(K) 

AGU(S) 

AGC(S) 
AGA(R) 

AGG(R) 

GUU(V) 

GUC(V) 

GUA(V) 
GUG(V) 

GCU(A) 

GCC(A) 

GCA(A) 
GCG(A) 

GAU(D) 

GAC(D) 

GAA(E) 
GAG(E) 

GGU(G) 

GGC(G) 

GGA(G) 
GGG(G) 

 

(c) = 318/276 (d) = 328/266 

UUU (F) 

UUC (F) 
UUA  (L) 

UUG (L) 

UCU(S) 

UCC(S) 
UCA(S) 

UCG(S) 

UAU(Y) 

UAC(Y) 
UAA(ct) 

UAG(ct) 

UGU(C) 

UGC(C) 
UGA(ct) 

UGG(W) 

CUU (L) 

CUC (L) 

CUA (L) 
CUG (L) 

CCU(P) 

CCC(P) 

CCA(P) 
CCG(P) 

CAU(H) 

CAC(H) 

CAA(Q) 
CAG(Q) 

CGU(R) 

CGC(R) 

CGA(R) 
CGG(R) 

AUU (I) 

AUC (I) 
AUA (I) 

AUG (M) 

ACU(T) 

ACC(T) 
ACA(T) 

ACG(T) 

AAU(N) 

AAC(N) 
AAA(K) 

AAG(K) 

AGU(S) 

AGC(S) 
AGA(R) 

AGG(R) 

GUU(V) 

GUC(V) 

GUA(V) 

GUG(V) 

GCU(A) 

GCC(A) 

GCA(A) 

GCG(A) 

GAU(D) 

GAC(D) 

GAA(E) 

GAG(E) 

GGU(G) 

GGC(G) 

GGA(G) 

GGG(G) 
 

UUU (F) 

UUC (F) 
UUA  (L) 

UUG (L) 

UCU(S) 

UCC(S) 
UCA(S) 

UCG(S) 

UAU(Y) 

UAC(Y) 
UAA(ct) 

UAG(ct) 

UGU(C) 

UGC(C) 
UGA(ct) 

UGG(W) 

CUU (L) 

CUC (L) 

CUA (L) 
CUG (L) 

CCU(P) 

CCC(P) 

CCA(P) 
CCG(P) 

CAU(H) 

CAC(H) 

CAA(Q) 
CAG(Q) 

CGU(R) 

CGC(R) 

CGA(R) 
CGG(R) 

AUU (I) 

AUC (I) 
AUA (I) 

AUG (M) 

ACU(T) 

ACC(T) 
ACA(T) 

ACG(T) 

AAU(N) 

AAC(N) 
AAA(K) 

AAG(K) 

AGU(S) 

AGC(S) 
AGA(R) 

AGG(R) 

GUU(V) 

GUC(V) 

GUA(V) 

GUG(V) 

GCU(A) 

GCC(A) 

GCA(A) 

GCG(A) 

GAU(D) 

GAC(D) 

GAA(E) 

GAG(E) 

GGU(G) 

GGC(G) 

GGA(G) 

GGG(G) 
 

(c) = 308/286 (d) = 308/286 

UUU (F) 

UUC (F) 

UUA  (L) 
UUG (L) 

UCU(S) 

UCC(S) 

UCA(S) 
UCG(S) 

UAU(Y) 

UAC(Y) 

UAA(ct) 
UAG(ct) 

UGU(C) 

UGC(C) 

UGA(ct) 
UGG(W) 

CUU (L) 

CUC (L) 

CUA (L) 
CUG (L) 

CCU(P) 

CCC(P) 

CCA(P) 
CCG(P) 

CAU(H) 

CAC(H) 

CAA(Q) 
CAG(Q) 

CGU(R) 

CGC(R) 

CGA(R) 
CGG(R) 

AUU (I) 

AUC (I) 

AUA (I) 
AUG (M) 

ACU(T) 

ACC(T) 

ACA(T) 
ACG(T) 

AAU(N) 

AAC(N) 

AAA(K) 
AAG(K) 

AGU(S) 

AGC(S) 

AGA(R) 
AGG(R) 

GUU(V) 
GUC(V) 

GUA(V) 
GUG(V) 

GCU(A) 
GCC(A) 

GCA(A) 
GCG(A) 

GAU(D) 
GAC(D) 

GAA(E) 
GAG(E) 

GGU(G) 
GGC(G) 

GGA(G) 
GGG(G) 

 

UUU (F) 

UUC (F) 

UUA  (L) 
UUG (L) 

UCU(S) 

UCC(S) 

UCA(S) 
UCG(S) 

UAU(Y) 

UAC(Y) 

UAA(ct) 
UAG(ct) 

UGU(C) 

UGC(C) 

UGA(ct) 
UGG(W) 

CUU (L) 

CUC (L) 

CUA (L) 
CUG (L) 

CCU(P) 

CCC(P) 

CCA(P) 
CCG(P) 

CAU(H) 

CAC(H) 

CAA(Q) 
CAG(Q) 

CGU(R) 

CGC(R) 

CGA(R) 
CGG(R) 

AUU (I) 

AUC (I) 

AUA (I) 
AUG (M) 

ACU(T) 

ACC(T) 

ACA(T) 
ACG(T) 

AAU(N) 

AAC(N) 

AAA(K) 
AAG(K) 

AGU(S) 

AGC(S) 

AGA(R) 
AGG(R) 

GUU(V) 
GUC(V) 

GUA(V) 
GUG(V) 

GCU(A) 
GCC(A) 

GCA(A) 
GCG(A) 

GAU(D) 
GAC(D) 

GAA(E) 
GAG(E) 

GGU(G) 
GGC(G) 

GGA(G) 
GGG(G) 

 

(a) = 298/296 (b) = = 298/296 

 

Tab. 5. After the quantity 298 in Table 1.2 follow the quantities 308, 318 and 328. 
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UUU (F) 

UUC (F) 
UUA  (L) 

UUG (L) 

UCU(S) 

UCC(S) 
UCA(S) 

UCG(S) 

UAU(Y) 

UAC(Y) 
UAA(ct) 

UAG(ct) 

UGU(C) 

UGC(C) 
UGA(ct) 

UGG(W) 

CUU (L) 

CUC (L) 
CUA (L) 

CUG (L) 

CCU(P) 

CCC(P) 
CCA(P) 

CCG(P) 

CAU(H) 

CAC(H) 
CAA(Q) 

CAG(Q) 

CGU(R) 

CGC(R) 
CGA(R) 

CGG(R) 

AUU (I) 

AUC (I) 
AUA (I) 

AUG (M) 

ACU(T) 

ACC(T) 
ACA(T) 

ACG(T) 

AAU(N) 

AAC(N) 
AAA(K) 

AAG(K) 

AGU(S) 

AGC(S) 
AGA(R) 

AGG(R) 

GUU(V) 

GUC(V) 

GUA(V) 
GUG(V) 

GCU(A) 

GCC(A) 

GCA(A) 
GCG(A) 

GAU(D) 

GAC(D) 

GAA(E) 
GAG(E) 

GGU(G) 

GGC(G) 

GGA(G) 
GGG(G) 

 

UUU (F) 

UUC (F) 
UUA  (L) 

UUG (L) 

UCU(S) 

UCC(S) 
UCA(S) 

UCG(S) 

UAU(Y) 

UAC(Y) 
UAA(ct) 

UAG(ct) 

UGU(C) 

UGC(C) 
UGA(ct) 

UGG(W) 

CUU (L) 

CUC (L) 
CUA (L) 

CUG (L) 

CCU(P) 

CCC(P) 
CCA(P) 

CCG(P) 

CAU(H) 

CAC(H) 
CAA(Q) 

CAG(Q) 

CGU(R) 

CGC(R) 
CGA(R) 

CGG(R) 

AUU (I) 

AUC (I) 
AUA (I) 

AUG (M) 

ACU(T) 

ACC(T) 
ACA(T) 

ACG(T) 

AAU(N) 

AAC(N) 
AAA(K) 

AAG(K) 

AGU(S) 

AGC(S) 
AGA(R) 

AGG(R) 

GUU(V) 

GUC(V) 

GUA(V) 
GUG(V) 

GCU(A) 

GCC(A) 

GCA(A) 
GCG(A) 

GAU(D) 

GAC(D) 

GAA(E) 
GAG(E) 

GGU(G) 

GGC(G) 

GGA(G) 
GGG(G) 

 

(c) = 368/226 (d) = 398/196 

 

Tab.6. After the quantity 328 in previous Table 5, follow the quantities 338, 348, 358, 368; then 378, 388 

and 398. 
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