1. Note that polyAC and polyAAC contain a single common codon ACA and encode a single common amino acid Thr. Thus ACA=Thr. The remaining codon in polyAC is CAC, the remaining amino acid is His. Thus CAC=His.

2. The only codon common for polyUUAC and polyUUC is CUU; the only common amino acid is Leu. Thus CUU=Leu.

3. The remaining amino acids encoded by polyUUC are Ser and Phe, and the remaining codons are UCU and UUC. Only one of them (UCU) is present in polyUC that encodes Ser and Leu. Thus UCU=Ser, and the remaining codon CUC=Leu.

4. We have determined amino acids encoded by two of three codons encoded by polyUUC; the remaining one is UUC=Phe.

5. Consider polyUAUC. We already know that UCU=Ser. Thus we know the ankor for the correspondence between polyUAUC and the corresponding polypeptide:

...UCUAUCUAUCUAUCUAUCUAUCUA...

...SerIleTyrLeuSerIleTyrLeu...

Thus AUC=Ile, UAU=Tyr, CUA=Leu.

6. Similarly, in polyUUAC, CUU=Leu. Thus, we have either

...UUACUUACUUACUUACUUACUUAC...

...TyrLeuLeuThrTyrLeuLeuThr...

or

...UUACUUACUUACUUACUUACUUAC...

...LeuLeuThrTyrLeuLeuThrTyr...

Let’s check which of these variants is consistent with the other data. The two still unknown codons in polyUAC are UAC and ACU and they encode Tyr and Thr (we already know that CUA=Leu). This is consistent only with the second variant (in the first variant ACU=Leu, which is a contradiction). Thus ACU=Thr, UAC=Tyr, UUA=Leu.

7. Now consider irregular polynucleotides. The main amino acid is encoded by the codon completely consisting of the prevalent nucleotide, that is UUU (Phe) for cases 1-3 and AAA (Lys) for cases 4-6. This is consistent with the polypeptides encoded by pure polyU and polyA. The rare amino acids are likely encoded by codons containing two prevalent nucleotides and one other nucleotides (e.g. UUC, UCU, CUU in case 1), and the very rate amino acids are encoded by codons made from one main and two other nucleotides (UCC, CUC, CCU in case 1). We will write nucleotide compositions of codons in brackets, and we will now fill our tables with the data we already know and also the data from irregular polynucleotides.

	amino acid
	three-letter notation
	one-letter notation
	codon(s)

	Alanine
	Ala
	A
	

	Cysteine
	Cys
	C
	[2UG]

	Aspartate (aspartic acid)
	Asp
	D
	[2AC]

	Glutamate (glutamic acid)
	Glu
	E
	[2AG]

	Phenylalanine
	Phe
	F
	UUU, UUC

	Glycine
	Gly
	G
	[2GU], [2GA]

	Histidine
	His
	H
	CAC, [2CA]

	Isoleucine
	Ile
	I
	AUC, [2UA], [2AU]

	Lysine
	Lys
	K
	AAA, [2AU]

	Leucine
	Leu
	L
	CUU, CUC, CUA, UUA, [2UC], [2UA], [2UG]

	Methionine
	Met
	M
	

	Asparagine
	Asn
	N
	[2AU], [2AC]

	Proline
	Pro
	P
	CCC, [2CU], [2CA]

	Glutamine
	Gln
	Q
	[2AC]

	Arginine
	Arg
	R
	[2AG]

	Serine
	Ser
	S
	UCU, [2UC]

	Threonine
	Thr
	T
	ACA, ACU, [2AC]

	Valine
	Val
	V
	[2UG]

	Tryptophan
	Trp
	W
	[2GU]

	Tyrosine
	Tyr
	Y
	UAU, UAC, [2UA]


	UUU
	Phe
	UCU
	Ser
	UAU
	Tyr
	UGU
	

	UUC
	Phe
	UCC
	
	UAC
	Tyr
	UGC
	

	UUA
	Leu
	UCA
	
	UAA
	
	UGA
	

	UUG
	
	UCG
	
	UAG
	
	UGG
	

	CUU
	Leu
	CCU
	
	CAU
	
	CGU
	

	CUC
	Leu
	CCC
	Pro
	CAC
	His
	CGC
	

	CUA
	Leu
	CCA
	
	CAA
	
	CGA
	

	CUG
	
	CCG
	
	CAG
	
	CGG
	

	AUU
	
	ACU
	Thr
	AAU
	
	AGU
	

	AUC
	Ile
	ACC
	
	AAC
	
	AGC
	

	AUA
	
	ACG
	
	AAA
	Lys
	AGA
	

	AUG
	
	ACA
	Thr
	AAG
	
	AGG
	

	GUU
	
	GCU
	
	GAU
	
	GGU
	

	GUC
	
	GCC
	
	GAC
	
	GGC
	

	GUA
	
	GCA
	
	GAA
	
	GGA
	

	GUG
	
	GCG
	
	GAG
	
	GGG
	


We see that the data on nucleotide composition of codons is often consistent with the already established codons. We may observe that in many cases codons that differ in the third position are synonymous, that is, encode the same amino acid. We can use this observation to deduce the meaning of  some more codons based on their composition and other codons for the same amino acid. Since these assignments are tentative, we will write them in lowecase letters (we also remove redundant data about codon composition that follows immediately from the already assigned codons).

	amino acid
	three-letter notation
	one-letter notation
	codon(s)

	Alanine
	Ala
	A
	

	Cysteine
	Cys
	C
	[2UG]

	Aspartate (aspartic acid)
	Asp
	D
	

	Glutamate (glutamic acid)
	Glu
	E
	[2AG]

	Phenylalanine
	Phe
	F
	UUU, UUC

	Glycine
	Gly
	G
	ggu, gga

	Histidine
	His
	H
	CAC

	Isoleucine
	Ile
	I
	AUC, auu, aua

	Lysine
	Lys
	K
	AAA

	Leucine
	Leu
	L
	CUU, CUC, CUA, UUA, uug

	Methionine
	Met
	M
	

	Asparagine
	Asn
	N
	[2AU]

	Proline
	Pro
	P
	CCC, ccu, cca

	Glutamine
	Gln
	Q
	[2AC]

	Arginine
	Arg
	R
	[2AG]

	Serine
	Ser
	S
	UCU

	Threonine
	Thr
	T
	ACA, ACU

	Valine
	Val
	V
	[2UG]

	Tryptophan
	Trp
	W
	[2GU]

	Tyrosine
	Tyr
	Y
	UAU, UAC


	UUU
	Phe
	UCU
	Ser
	UAU
	Tyr
	UGU
	

	UUC
	Phe
	UCC
	
	UAC
	Tyr
	UGC
	

	UUA
	Leu
	UCA
	
	UAA
	
	UGA
	

	UUG
	leu
	UCG
	
	UAG
	
	UGG
	

	CUU
	Leu
	CCU
	pro
	CAU
	
	CGU
	

	CUC
	Leu
	CCC
	Pro
	CAC
	His
	CGC
	

	CUA
	Leu
	CCA
	pro
	CAA
	
	CGA
	

	CUG
	
	CCG
	
	CAG
	
	CGG
	

	AUU
	ile
	ACU
	Thr
	AAU
	
	AGU
	

	AUC
	Ile
	ACC
	
	AAC
	
	AGC
	

	AUA
	ile
	ACG
	
	AAA
	Lys
	AGA
	

	AUG
	
	ACA
	Thr
	AAG
	
	AGG
	

	GUU
	
	GCU
	
	GAU
	
	GGU
	gly

	GUC
	
	GCC
	
	GAC
	
	GGC
	

	GUA
	
	GCA
	
	GAA
	
	GGA
	gly

	GUG
	
	GCG
	
	GAG
	
	GGG
	


8. Consider now the remaining regular nucleotide sequences. In polyAUC we have two unassigned codons, UCA and CAU, and two amino acids, Ser and His. Since we know that UCU=Ser and CAC=His, the “third position rule” makes it likely (though not guaranteed) that UCA=ser and CAU=his. Similarly, in polyUUG, it is likely that UUG=Leu (it supports the assignment that we have already made on the basis of the codon composition), and in polyAAG, AAG=lys (since AAA=Lys)..

9. Arg is encoded by polyAGA and polyAAG, and has a codon with composition [2AG]. Thus it is likely that AGA=arg, hence GAG=glu (the remaining codon in polyAGA) and also that GAA=glu (the remaining codon in polyAAG).

10. Val is encoded in polyUGU, polyUUG, and polyGUA. The only codons with common first two nucleotides in these three polynucleotides are GUG, GUU and GUA, and we may say that hey all encode Val. This means that the remaining codon in polyUGU and polyUUG, that is,  UGU, encodes Cys.

11. Here is how our table looks like now:

	UUU
	Phe
	UCU
	Ser
	UAU
	Tyr
	UGU
	cys

	UUC
	Phe
	UCC
	
	UAC
	Tyr
	UGC
	

	UUA
	Leu
	UCA
	ser
	UAA
	
	UGA
	

	UUG
	leu
	UCG
	
	UAG
	
	UGG
	

	CUU
	Leu
	CCU
	pro
	CAU
	his
	CGU
	

	CUC
	Leu
	CCC
	Pro
	CAC
	His
	CGC
	

	CUA
	Leu
	CCA
	pro
	CAA
	
	CGA
	

	CUG
	
	CCG
	
	CAG
	
	CGG
	

	AUU
	ile
	ACU
	Thr
	AAU
	
	AGU
	

	AUC
	Ile
	ACC
	
	AAC
	
	AGC
	

	AUA
	ile
	ACG
	
	AAA
	Lys
	AGA
	arg

	AUG
	
	ACA
	Thr
	AAG
	lys
	AGG
	

	GUU
	val
	GCU
	
	GAU
	
	GGU
	gly

	GUC
	
	GCC
	
	GAC
	
	GGC
	

	GUA
	val
	GCA
	
	GAA
	glu
	GGA
	gly

	GUG
	val
	GCG
	
	GAG
	glu
	GGG
	


We also know that:

Ser=(AGU or UAG) (from polyGUA); that some codons in polyAUG encode Met and Asp; that Asn has a codon with content [2AU], Gln has [2AC], and Trp has [2GU].

Let us now try to deduce the meaning of the remaining codons using the mutation data.

12. Consider the mutations involving Ser. They are: (Asn and Pro) ( Ser ( (Gly and Leu and Phe). Recall, that the mutations change C(U and A(G. Thus the mutations Pro ( Ser ( Leu, Phe can be easily explained by sibsequent changes of C(U in codon CCN(UCN(UUN (N denotes “any nucleotide”). But we cannot explain in this way the mutation Ser(Gly. On the other hand, if Ser=AGU, then mutation A(G would create codon GGU that indeed encodes Gly. Thus AGU=ser.

Further, Asn = (AAU or AUA or UAA). Again, the only codon that can be converted to a Ser codon by one mutation is AAU, and hence AAU=Asn
13. Met is encoded by polyAG, and hence it has one of the following codons: AUG, UGA, GAU. The same applies to Asp. There are mutations Ile(Met, Thr(Met, and Met(Val that can be easily explained as AUA(AUG,  ACG(AUG, and AUG(GUG, respectively, if one assumes that AUG=met (the mutated nucleotides are underlined). 

Since Asp has a codon with two C’s and one A, a good condition is AAC.

Similarly, mutation Asp(Gly can be explained only if GAU=asp as GAU(GGU.

We have obtained 

	UUU
	Phe
	UCU
	Ser
	UAU
	Tyr
	UGU
	cys

	UUC
	Phe
	UCC
	
	UAC
	Tyr
	UGC
	

	UUA
	Leu
	UCA
	ser
	UAA
	
	UGA
	

	UUG
	leu
	UCG
	
	UAG
	
	UGG
	

	CUU
	Leu
	CCU
	pro
	CAU
	his
	CGU
	

	CUC
	Leu
	CCC
	Pro
	CAC
	His
	CGC
	

	CUA
	Leu
	CCA
	pro
	CAA
	
	CGA
	

	CUG
	
	CCG
	
	CAG
	
	CGG
	

	AUU
	ile
	ACU
	Thr
	AAU
	asn
	AGU
	ser

	AUC
	Ile
	ACC
	
	AAC
	asn
	AGC
	

	AUA
	ile
	ACA
	
	AAA
	Lys
	AGA
	arg

	AUG
	met
	ACG
	Thr
	AAG
	lys
	AGG
	

	GUU
	val
	GCU
	
	GAU
	asp
	GGU
	gly

	GUC
	
	GCC
	
	GAC
	
	GGC
	

	GUA
	val
	GCA
	
	GAA
	glu
	GGA
	gly

	GUG
	val
	GCG
	
	GAG
	glu
	GGG
	


13. Let’s check, whether we can explain other mutations by changes in already known codons. 

It turns out that we cannot exaplain only mutations that concern amino acids with no assigned codons: Thr(Ala(Val and Gln(Arg.

A good explanation for the former can be an assumption that some GCN codon encodes Ala. Then we will have the chain of mutations ACN(GCN(GUN.

Gln has a [2AC] codon. There are three such codons, all of them unassigned, but neither can be transformed by one mutation into the only known Arg codon AGA, so we have no obvious explanation for that, aside of assuming existence of other Arg codons. Then the mutation may be explained as caa(cga or aac(agc. 

14. We have to explain the absence of long polypeptides produced by polyGUAA and polyGAUA. Note that we have unassigned codons UAG and UGA, and the corresponding polynucleotides polyGUA and polyAUG produced only two polypeptides each instead of expected three. Thus it is likely that some codons encode not aminoacids, but something like stop signals that terminate translation.

All codons, but UAG, in poly GAUA are known (GAU=Asp, AGA=Arg,AUA=Ile). Thus UAG=Stop. Similarly, all codons, but UAA, in polyGUAA also are known (GUA=Val, AGU=Ser, AAG=Lys), thus UAA=Stop. And, similarly, we may tentatively assume that UGA=stop, as there is no corresponding polypeptide.

Our current table thus is

	UUU
	Phe
	UCU
	Ser
	UAU
	Tyr
	UGU
	cys

	UUC
	Phe
	UCC
	
	UAC
	Tyr
	UGC
	

	UUA
	Leu
	UCA
	ser
	UAA
	Stop
	UGA
	Stop?

	UUG
	leu
	UCG
	
	UAG
	Stop
	UGG
	

	CUU
	Leu
	CCU
	pro
	CAU
	his
	CGU
	

	CUC
	Leu
	CCC
	Pro
	CAC
	His
	CGC
	

	CUA
	Leu
	CCA
	pro
	CAA
	gln??
	CGA
	arg??

	CUG
	
	CCG
	
	CAG
	
	CGG
	

	AUU
	ile
	ACU
	Thr
	AAU
	asn
	AGU
	ser

	AUC
	Ile
	ACC
	
	AAC
	asn
	AGC
	arg??

	AUA
	ile
	ACA
	
	AAA
	Lys
	AGA
	arg

	AUG
	met
	ACG
	Thr
	AAG
	lys
	AGG
	

	GUU
	val
	GCU
	ala?
	GAU
	asp
	GGU
	gly

	GUC
	
	GCC
	
	GAC
	
	GGC
	

	GUA
	val
	GCA
	
	GAA
	glu
	GGA
	gly

	GUG
	val
	GCG
	ala?
	GAG
	glu
	GGG
	


15. Consider now the spontaneous mutations data. Mutations for amino acids with known codons are consistent with our table.

The mutation data for Ala supports both our assignments. In particular, GCG=ala explains mutation Glu(Ala (as GAG(GCG), whereas GCU=ala explains mutation Ala(Asp (as GCU(GAU).

We see that there exist mutations Pro(Gln and Leu(Arg. This is inconsistent with AAC=gln and AGC=arg, respectively, since it would require two mutations in the closest Pro codon (CCC(AAC) and closest Leu codon (CUC(AGC), respectively. Thus CAA=gln (and Pro(Gln is caused by CCA(CAA) and consequently CGA=arg (and Leu(Arg is caused by CUA(CGA). It is consistent also with mutation Lys(Gln (AAA(CAA) and Gln(Glu (CAA(GAA).

The two yet unexplained mutations are His(Arg and Arg(Thr. The simplest explanation for the former is assignment of CGU or CGC codons to Arg (with mutations CAN(CGN), whereas to exlain the latter, one needs either ACA=thr (yielding AGA(ACA) or AGG=arg (with AGG(ACG). All these exlanations are not supprted by other evodence, and thus remain tentative.

16. Trp has a codon with two G’s and one U [2GU]. Two such codons are already assigned (GUG=Val, UUG=Leu). Thus UGG=Trp.

Thus our final table with the new data and confirmed old data is

	UUU
	Phe
	UCU
	Ser
	UAU
	Tyr
	UGU
	cys

	UUC
	Phe
	UCC
	
	UAC
	Tyr
	UGC
	

	UUA
	Leu
	UCA
	ser
	UAA
	Stop
	UGA
	Stop?

	UUG
	leu
	UCG
	
	UAG
	Stop
	UGG
	Trp

	CUU
	Leu
	CCU
	pro
	CAU
	his
	CGU
	arg?

	CUC
	Leu
	CCC
	Pro
	CAC
	His
	CGC
	arg?

	CUA
	Leu
	CCA
	pro
	CAA
	gln
	CGA
	arg

	CUG
	
	CCG
	
	CAG
	
	CGG
	

	AUU
	ile
	ACU
	Thr
	AAU
	asn
	AGU
	ser

	AUC
	Ile
	ACC
	
	AAC
	asn
	AGC
	

	AUA
	ile
	ACA
	thr?
	AAA
	Lys
	AGA
	arg

	AUG
	met
	ACG
	Thr
	AAG
	lys
	AGG
	arg?

	GUU
	val
	GCU
	ala
	GAU
	asp
	GGU
	gly

	GUC
	
	GCC
	
	GAC
	
	GGC
	

	GUA
	val
	GCA
	
	GAA
	glu
	GGA
	gly

	GUG
	val
	GCG
	ala
	GAG
	glu
	GGG
	


