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When all began
● 1868  first nucleid acids found (name because 

found in nucleus; F. Miescher)

● 1919   compounds found (sugar, base and phosphate; 
P. Levene)

● 1937  hints for repetitive structure of DNA      (W. 
Astbury)

● 1952  proposal that order of nucleotides 
determines the order of amino acids (L.A. Dounce)

● 1953 : discovery of the DNA structure of the 
double helix (Watson & Crick)
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The encryption race started
● 1954 Gamow suggested a „key to lock“ 

mechanism for binding the aa at special „holes“
● quartet of nucleotides of nucleotides code for 

each aa but two are complementary, so a triplet 
codes for each aa
– 20 different aa

● codons are overlapping: 2nd position of the first 
codon is the 1st position of the second codon, 
ruled out in 1957 (Brenner)
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Theories at 1957
(Crick proposed „code without commas“)



Journal Club, M.Reuter, October 2007 6

Lots of guessing until...
● comma free? which reading frame to choose? 

one is ok, the out-of-frame sequences are 
nonsense?

● several theories like sixtuplet, two letter or the 
one letter code + additional informtion from 
outside the DNA

● 1961 Matthaei found the first Codon (UUU to 
phenylalanine)

● 1966 all 64 codons were found
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● similar codons 
assigned to aa´s with 
similar chemical 
properties (Woese)

● family boxes and 
wobble rules (Crick) 
for system of same 
aa to several 
similar codons
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Evolutionary optimization
● Minimize the impact of translational errors 
● Minimize the impact of mutations
● To deal with the increasing number of aa during 

evolutionary time
● etc.
variant codes, but all with minor differences (why? 

proposal of extensive horizontal gene transfer during 
early evolution, would lead to optimality and 
universality)
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Frameshift mutation
● leads to nonfunctional proteins, waste of 

ressources and could be toxic
● minimizing with termination of elongation as 

quickly as possible after frameshift
● in many organisms bioinformaticians found 

tendencies to stop codons if read off-frame
● not always because then every point mutation 

would result to nonsense codons
● Antagonistic goals: low price with low error 

rate
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Frame shift
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Itzkovitz and Alon (Genome Research March2007):
The genetic code is nearly optimal 
for allowing additional information 
within protein-coding sequences

●First new property of optimization
– compared genetic code with others that are equally 

optimized (with respect to mistranslation or mutation)
– assume the usage frequency of the aa is fixed while 

codon assignments vary for other models
– Result: actual genetic code ist far better in 

minimizing the aa chain length after frameshift 
error
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Itzkovitz and Alon (2)
● Second new property/proposal

– genetic code is highly optimal for encoding arbitrary 
additonal information, i.e., information other than aa 
code

– like RNA splicing signals
– signals recognized by the translation apparatus 

(e.g. usally stop codons can in special combinations 
be translated as rare aa)

– nucleosome positioning
– RNA secondary structure
– additional genes (common in viruses; double 

coding)



Journal Club, M.Reuter, October 2007 15

Additional information as 
hidden messages

● example from „Sherlock Holmes“ (Conan Doyle 1893)

„The supply of game for London is going steadily up. 
Head keeper Hudson, we believe, has been now 
told to receive all orders for fly-paper and for 
preservation of your hen pheasant´s life.“                  
                                      

There is more information in the sentence than it 
seams. Read only every third word...
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Additional information as 
hidden messages

● example from „Sherlock Holmes“ (Conan Doyle 1893)

„The supply of game for London is going steadily up. 
Headkeeper Hudson, we believe, has been now 
told to receive all orders for fly-paper and for 
preservation of your hen pheasant´s life.“                  
                                      

Hidden message/additional information:                  
„The game is up. Hudson has told all. Fly for your 
life.“
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Conclusions
● The degeneracy of the genetic code optimizes 

a combination of several different functions 
simultaneously. Low cost with high quality.

● Looking deeper into the structure of the genetic 
code, the more possibilities seems to occur.
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Thanks for your attention! 
Questions?


