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accepted mutation and the number of mutation eliminating the genome, the

optimum of mutational pressure was 1 per genome per generation (Fig. 1.16,
Fig. 1.17).
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Fig. 1.16. The effect of mutational pressure on the ratio between the number of accepted
mutations and eliminating mutations.

1000 -
@
[3)
c
[
o
o
[
2
I3 100 A
0
[
2
g
-]
£
o 10 4
£
®
£
E
k1
k] 11
e
Q
e
£
=3
o

0 4 : : ; . —_—

0.01/genome 0.1/genome 1/genome 10/genome  100/genome
mutation pressure

Fig. 1.17. The effect of mutational pressure on the evolutionary costs. It has been
assumed that the divergence is a measure of evolution rate and evolutionary costs could
be estimated by the ratio between the number of eliminating mutations and divergence.
Compare with the results presented in Fig. 1.16.
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Fig. 1.18. The relation between the evolutionary costs and the genome size. The muta-
tional pressure was constant (1 mutation per genome per MCs). The smallest “genome”
(the first from the left - 1) was represented by integer number (85) of B. burgdorferi
genes and it was approximately 10 times smaller than the whole B. burgdorferi genome
(the last one at the right). All other “genomes” were multimers of the smallest one.

This value is in agreement with some physicists’ predictions based on
the stability of information as well as with experimental data estimating the
mutational rate in different genomes [27-29]. The effectiveness of evolution
counted as ratio between the divergence rate and the number of genomes
eliminated by deleterious mutations depends also on the genome size. Next
series of simulations where performed with the genomes of different sizes -
they increased from 0.1 to 1.0 of the original B. burgdorferi genome. The
mutational pressure was the same per genome per generation. Results are
presented in Fig. 1.18.

The evolutionary costs dropped with the genome size approximately
twice. If the mutational rate was constant per nucleotide per generation, the
evolutionary costs grow with the genome size (not shown). In conclusion,
the increase of the genome’s size has to be accompanied with the higher
accuracy of genetic material replication. There is one more problem, very
important from the evolutionary point of view - how evolution rate depends
on the population size. Unfortunately we were not able to simulate the large
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Fig. 1.19. Evolutionary costs for different numbers of co-evolving genomes. Simulations
were done for 1 mutation per genome per MCs. Evolutionary costs were estimated by
the ratio between the number of eliminating mutations and divergence.

populations of genomes because such simulations need a lot of computer
power. Nevertheless, the preliminary studies done with 2 - 10 genomes show
that the evolutionary costs decrease with the increase of the population size
even if there are no recombination between the evolving genomes (Fig. 1.19).
It is not in agreement with some outcomes of the Kimura neutral theory [26].
The neutral theory of Kimura could be now revisited using the extensive
computer simulations of the whole genomes evolution.
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