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Abstract 
 
Recent research has shown that protein synthesis errors are much higher than previously 
determined. Furthermore, mistranslation has been pinpointed as the most error-prone step 
in protein synthesis (Meyerovich et. al, 2010, Wilke and Drummond 2009). Prompted by 
this information, we explored the effect of mistranslation on evolution. Some mutations 
that have deleterious effects might have beneficial mutant neighbors in genotypic space. 
We wondered if higher levels of mistranslation would act as a smoothing effect on fitness 
landscapes and would decrease the expected time for a population to cross a fitness valley 
by mistranslating deleterious proteins into their beneficial protein neighbors. Ultimately it 
does not seem that mistranslation has a large effect on this process. 
 
 
Methods 
 
In order to view the effect of mistranslation in the easiest way possible, we adopted the 
theoretical fitness landscape from Weinreich and Chao 2005.  
 

 
 
This model depicts genotypic space as follows: an individual is at genotype ab with 
fitness 1. The two possible mutations located one nucleotide away are named aB and Ab 
and have fitness 1-sdel. If these two mutations occurred in the same individual it would 
have genotype AB and would have fitness 1+sben.  
 
Their model for traversing this type of fitness vally is given as  

 
Which is a combination of  

 
and 

      . 
 

N  = Population Size 
 
µ = mutation rate 
 
u(x) = the probability of 
fixation given N and sben 
and sdel 
 



Our model is a slight variation on the Weinreich and Chao model, in which we introduce 
a modification of sdel entitled sdel*. Sdel*  tempers sdel by the amount of mistranslation-
based change into a more fit neighboring genotype. 
 
sdel* is a transformation of our attempt to model a dosage response curve. A dosage 
response represents the biological notion that the relationship between ‘effect of a 
protein’ and ‘number of proteins in the cell’ is not necessarily linear. In fact a few 
number of copies of a protein may provide the cell with all the functionality it needs from 
that protein.  
 
We first modeled the dosage response curve as d(x) = (1-e-αx), where ‘x’ is the 
proportion of proteins in the cell that display the mistranslated phenotype.  
and ‘α’ is the difference from linearity of the dosage response curve, and d(x) is the 
fitness of the individual. This gave us the shape but not the size we wanted, so in 
order to scale all values to 1 we normalized all results by dividing by d(1), resulting 
in the final function  
 
d(x)  = (1-e-αx)/(1-e-α) 
 

 
Here are some examples of the dosage response curve in action: 
 
\ 

 
 
 
 
‘X’ in this equation is itself an expression of the probability mistranslation producing 
the double mutant, so we set out to determine the function underlying this 
probability. 



 
 We decided the probability of getting a mistranslation error would likely be 
distributed with a Poisson distribution, which has distribution: 
 
P(X) = λe-λX / (X! ).  
 
‘λ’ represents the frequency of the desired event, so we set it to ‘νL’, where ‘ν’ = the 
mistranslation rate per amino acid and ‘L’ = the length of the protein. ‘νL’ is the 
frequency of a mistranslation event given the size of a protein. ‘X’ above is the 
number of events for which are determining the probability of their occurrence. In 
our case we are looking for 1 mistranslation error, therefore 
 
P(1) = λe-λ/ (1! ) =  
 
This is the probability of seeing exactly 1 mistranslation error over the length of a 
protein length L amino acids given the mistranslation per amino acid rate ‘ν‘. 
 
Next, because each amino acid has 19 different amino acids to which it can change, 
there are 19*L total number of mistranslation products that are one amino acid 
away from a protein of length L. Since we are looking for one mistranslation 
product in specific, our final probability of receiving the double mutant, beneficial 
neighbor is:  νLe-νL / 19*L.  
 
Again, the shape of the function was now accurate, but the size was not bounded by 
sdel and sben. To address this problem, we multiplied this expression by ‘sdel+sben’ to 
scale the expression such that its maximum is at sben and then added ‘1-sdel’ to 
ensure that at the lowest the function was at sdel. We then subtracted this total from 
1 in order to derive a value that represented a mutation with a fitness different from 
the wild-type’s fitness of 1. 
 
Lastly, the above calculation returns the fitness of the individual containing the 
mutants, and we want the difference between that individuals fitness from the wild 
type fitness. To achieve this we subtract the above calculation from the wild type 
fitness of 1. 
 
 
IN SUMMARY THE CALCULATION OF sdel* IS: 

 
  
 

 

νLe-νL 

sdel* = 1 - ((1-e-ανLe^(-νL)/(19L)) / (1-e-α)*(sdel+sben)+(1-sdel)) 
 



Results 
 
For all of the results calculated here we used the values : 
mu = 1x10-9 

sben = .1 
sdel = .01 
 
The results according to Weinreich and Chao 2005 are in black and the results from 
our trials are in blue. The appearance of only black circles indicates no difference 
between the datasets. 
 

 
 
Only the combination of ‘nu = .01’ and ‘Alpha = 1000’ gave us a value that was 
QUALITATIVELY different from the results in Weinreich and Chao 2005. We had 
previously reasoned that the power of mistranslation might be felt in particular if it 
managed to turn a deleterious mutation into a beneficial mutation, i.e. if sdel were to 
become negative and thus making the fitness of the individual greater than 1. In fact, 
sdel* for this combination is -.0093, confirming our reasoning. However an alpha 



value of 1000 connotes an extremely strong dosage response curve, so we tested to 
see what combinations of alpha, nu, and L would result in a negative sdel*. 
 
The following combinations resulted in a negative sdel*: 
Alpha L Nu sdel* 
100 10 .1    -0.0370 
1000 10 .01    -0.0413 
1000 10 .1    -0.3727 
1000 100 .1    -0.0370 
 
It is interesting to note that increasing Nu does not guarantee a higher sdel*. The 
reason we see it maximized in the eighth panel is related to the Poisson distribution 
driving the probability of getting a double mutant. P(1) is maximized when ‘νL’ = 1. 
Above that the probability of getting one mistranslation product begins to decrease 
and the probability of getting two mistranslation products begins to increase, 
attenuating the gain in sdel*.  
 
Discussion 
 
 
These values indicate that mistranslation is likely to be important for a range of 
values that are biologically extreme and therefore most likely does not influence the 
dynamics of fitness valley traversal. We set out to determine the importance of this 
phenomenon, but from our standpoint it does not seem that it is likely to be a big 
factor.  
 
Additionally, we have since received information that makes us believe that our 
dosage response curve is stronger than biology indicates, and that we instead 
should use a model of ‘X/(1+X)’ instead of (1-e-αx)/(1-e-α) (Cherry 2009). This 
would further decrease the efficacy of mistranslation in aiding the crossing of fitness 
valleys. Using this dosage response curve, none of the above combinations generate  
sdel* < 0. 
 
It seems that mistranslation does not affect this process greatly because of the large 
pool of possible genotypic mistranslation neighbors from which we are hoping to 
pull one specific error. To address this, we discussed the possibility of calculating 
the probability of finding our beneficial double mutant as νLe-νL / 19 instead of  
νLe-νL / 19*L. This redefinition still does not broaden the biological relevance of 
mistranslation in fitness valley traversal. However, if sben is great enough (e.g. sben 
=1), this redefinition brings mistranslation’s power into a possibly biologically 
relevant zone. Still it takes manipulation on our part and extreme cases before 
mistranslation takes on importance for crossing fitness valleys and is likely not a 
strong player in evolutionary dynamics. 
 



 
 
Further Research 
 
Figure 2 in Weissman et al. 2010 showed that the time to fixation for mutations is 
affected by recombination. The algebra there suggests that given shallower fitness 
valleys, increased recombination leads to shorter valley crossing time. 
 
In this model, we have not included the effect of recombination combined with 
mistranslation and are further investigating the effect of these two forces in tandem. 
We question whether mistranslation might temper the effect of sdel enough to enter 
the process into the regime that is helped by recombination. This area is of great 
interest to us now. 
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