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Sewall Wright, 1889 - 1988

F.: 4

D
o)
%ﬁ)

5

Fitness

Sewall Wright. 1932. The roles of mutation, inbreeding,
crossbreeding and selection in evolution.

In: D.F.Jones, ed. Int. Proceedings of the Sixth
International Congress on Genetics. Vol.1, 356-366.
Ithaca, NY.
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Genotype Space

Sewall Wrights fitness landscape as metaphor for Darwinian evolution



........ wild type
> TN alternative allele
on locus A

abcde ... alternative alleles
on all five loci

SN\

----- abcde

F1G. 1.—The combinations of from 2 to 5 paired allelomorphs.

The multiplicity of gene replacements with two alleles on each locus

Sewall Wright. 1988. Surfaces of selective value revisited. American Naturalist 131:115-123



Binary sequences are encoded
by their decimal equivalents:

C=0and G=1, for example,
"0" =00000=CCCCC,
"14" = 01110 = CGGGC,

"29" =11101 = GGGCQG, etc.

Mutant classes

# sequences

9:: the space of binary sequences of chain lenght | =5



Fitness landscapes became experimentally accessible!

Protein landscapes: Yuuki Hayashi, Takuyo Aita, Hitoshi Toyota, Yuzuru Husimi,
Itaru Urabe, Tetsuya Yomo. 2006. Experimental rugged fitness landscape in protein
sequence space. PLoS One 1:€96.

RNA landscapes: Sven Klussman, Ed. 2005. The aptamer handbook. Wiley-VCh,
Weinheim (Bergstralle), DE.

Jason N. Pitt, Adrian Ferré-D’Amaré. 2010. Rapid construction of empirical RNA
fitness landscapes. Science 330:376-379.

RNA viruses: Esteban Domingo, Colin R. Parrish, John J. Holland, Eds. 2007.
Origin and evolution of viruses. Second edition. Elesvier, San Diego, CA.

Retroviruses: Roger D. Kouyos, Gabriel E. Leventhal, Trevor Hinkley, Mojgan
Haddad, Jeannette M. Whitcomb, Christos J. Petropoulos, Sebastian Bonhoeffer.
2012. Exploring the complexity of the HIV-I fitness landscape. PLoS Genetics
8:€1002551



X1(t), x2(t), x3(t)

GGGGGGGGGGGGGEGGGEE (CCCCC...) N time

sequence space shape space parameter space
0 S R,
@: (9 ,dy) = (S,ds) Y (S.ds)= Ry
X —> S=0X) —> [=Y¥()
sequence structure function
genotype > phenotype > selection

Evolution as a global phenomenon in genotype space
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The simplified model
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Mutation and (correct) replication as parallel chemical reactions

M. Eigen. 1971. Naturwissenschaften 58:465,
M. Eigen & P. Schuster.1977. Naturwissenschaften 64:541, 65:7 und 65:341
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The error threshold in replication and mutation
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Selma Gago, Santiago F. Elena, Ricardo Flores, Rafael Sanjuan. 2009. Extremely high mutation rate
of a hammerhead viroid. Science 323:1308.

Mutation rate and genome size
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Master sequence
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Thomas Wiehe. 1997. Model dependency of error

A thresholds: The role of fitness functions and
N contrasts between the finite and infinite sites
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The linear fitness landscape shows no error threshold
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Rugged fitness landscapes over individual binary sequences with n =10
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Error threshold on ,realistic* landscapes
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Determination of the dominant mutation flow: d=1, s =613
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Predictions of the strong quasispecies concept

A strong quasispecies is dominated by a clan of mutationally
coupled closely related sequences.

A four-membered clan consists of the master sequence being
the fittest sequence, its fittest one error mutant, the fittest
two-error mutant that has to lie in the one-error
neighborhood of the fittest one-error mutant, and the
fourth sequence completing the mutationally coupled quartet.

Strong quasispecies reproduce more efficiently, are stable to
mutation, and should be favored by evolution.




Motoo Kimura, 1924 - 1994

Motoo Kimura's population genetics of
neutral evolution.

Evolutionary rate at the molecular level.
Nature 217: 624-626, 1955.

The Neutral Theory of Molecular Evolution.

Cambridge University Press. Cambridge,
UK, 1983.

THE NEUTRAL THEORY
OF MOLECULAR EVOLUTION

MOTOO KIMURA

National Institute of Genetics, Japan

CAMBRIDGE UNIVERSITY PRESS
Cambridge

London New York New Rochelle
Melbourne Sydney
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P. Schuster, J. Swetina. 1988. Bull. Math. Biol. 50:635-650
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------- ACAUGCGAA -----=- master sequence 1
....... AUAUACGAA ::eeees

....... ACAUGCGCA --=====

....... gg%g%g%%%."""

....... ACAUGCGAG =+eee- H
....... ACACGCGAA -«::-:-

....... ACGUACGARA +wee=-

....... ACAUAGGAA ::eeees
....... ACAUACGAA ------- master sequence 2

....... ACAUSCGAA -+  CONSensus sequence

------- ACAGUCAGAA -:----- master sequence 1
------- ACAGUCCGAA EEmsEEnm Intermedlate |
....... 1&[]1\1{(](:(:(;1\1& R
....... ACAGUCAGCA."""
....... GCAGUCAGAA :-====-
....... ACAGUCAUAA."""
....... ACAGUCAGAG =======
....... ACAACCCGAA rrnes
Consensus sequences ofa = ACGGUCAGAA ::+-+-

T T T ACAGUGAGAA :+++eee | .
quasispecies of two strongly ... ACAAUCAGARA --esses intermediate ||

coupled sequences of ~ ereees ACAAUCCGAA :-+=»=- master sequence 2

Hamming distance
dH(XL,Xj) =land2. eeesen ACAiUC%GAA ------- consensus sequence



Conclusions
Realistic fitness landscapes sustain error thresholds.

Quasispecies may be centered around clans of sequences
with high fitness, which provide evolutionary stability
against increasing mutation rates.

Pairs of neutral sequences with Hamming distances one
or two form clans and are not subjected to Kimura's
random selection.
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