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Figure 1: For the single-peak fitness landscape, there exists a mutation

threshold u.. For u < u,., frequency profile is localized near the fitness peak.
On the other hand, for u > u., an extended state (not necessarily uniform)
emerges and the notion of quasi-species no longer exists.
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Error threshold: adaptation is only possible if the
mutation rate per base, u, is less than the inverse
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Figure 3.6 Error threshold: a quasispecies can only maintain a peak in a fitness landscape
if the mutation rate is less than the inverse of the genome length. This is a very general
and beautiful result that must hold for any living organism. The beauty is not spoilt by
two qualifying remarks that are necessary: (i) the genome length, L, has to be defined
properly to include only those positions that affect fitness and (i) there are some
pathological landscapes where a peak can be maintained beyond the error threshold,
for example if the peak is “infinitely” high or so wide that its presence can be felt by
the majority of all possible sequences.

Table 31 Genome length (in bases), mutation rate per base, and mutation rate per
genome for organisms ranging from DNA viruses to humans

Genome length Mutation rate Mutation rate

Organism in bases per base per genome
RNA viruses

Lytic viruses

QB 4.2x10° 15x 1073 6.5

Polio 7.4 x 10° L.1x 1074 0.84

VSV 1.1 x 10* 32x 1074 3.5

Flu A 1.4 x 10* 7.3 % 107 0.99

Retroviruses

SNV 7.8 x 10° 2.0 x 107 0.16

MuLV 8.3 x 10° 3.5 % 1076 0.029

RSV 9.3 x 10° 4.6 x 107° 0.43
Bacteriophages

Mi3 6.4 x 10° 7.2x 1077 0.0046

A 4.9 x 10* 7.7 x 1078 0.0038

T2 and T4 1.7 x 10° 2.4 %1078 0.0040
E. coli 4.6 x 10° 5.4 x 10”10 0.0025
Yeast (S. cerevisiae) 1.2 x 107 2.2x 10710 0.0027
Drosophila 1.7 x 108 3.4 x 10710 0.058
Mouse 2.7 x 10° 1.8 x 10710 0.49
Human (H. sapiens) 3.5 x 10° 5.0 x 107! 0.16

Sources: Drake (1991, 1993) and Drake et al. (1998).
Note: Most organisms have a mutation rate per genome which is less than one, as predicted by the
error threshold theory. Why QB and VSV have such a high mutation rate is at present unexplained.
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Compehtions befween A and Quasi-specied
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