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p ...... mutation rate per site  
and replication  

DNA replication and mutation 
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Mutation and (correct) replication  as parallel chemical reactions 
 

M. Eigen. 1971. Naturwissenschaften 58:465,  
M. Eigen & P. Schuster.1977-78. Naturwissenschaften 64:541, 65:7 und 65:341 
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The Crow-Kimura model of replication and mutation 

paramuse – paralell mutation and selection model: 

Ellen Baake, Michael Baake, Holger Wagner. 2001. Ising quantum chain is equivalent to 
a model of biological evolution. Phys.Rev.Letters 78:559-562.  

James F. Crow and Motoo Kimura. 1970. An introduction into population genetics theory. 
Harper & Row, New York. Reprinted at the Blackburn Press, Cladwell, NJ, 2009, p.265. 



The mutation matrix in the quasispecies and the Crow-Kimura model 



Solution of the quasispecies equation 

Integrating factor transformation: 

Eigenvalue problem: 

Solution: 



Stationary solution of the quasispecies equation 

Largest eigenvalue   1   and corresponding eigenvector  b1: 

master sequence:   Xm  at concentration    mx

mutant cloud:   Xj  at concentration  jx mjNj ≠= ;,,1; 















quasispecies 

The error threshold in replication and mutation 



Selma Gago, Santiago F. Elena, Ricardo Flores, Rafael Sanjuán. 2009, Extremely high mutation rate 
of a hammerhead viroid. Science 323:1308. 

Mutation rate and genome size 



single peak fitness landscape 

uniform error rate model 

Approximations for handling realistic chain lengths 



Quasispecies and error threshold 
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The space of binary sequences 



Neighbor distribution on binary sequence spaces 



Mutation flow component and mutation flow 



Definition of the mutation flow 



Mutational flux balance and quasispecies 



Mutational flux balance and quasispecies 

mutational flux balance 
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Zero mutation backflow 



single peak, uniform error: 

Kinetic equations of the zero backflow approximation 



Solutions of the zero backflow approximation 

lpQ )1( −= and 



single peak, uniform error 

The phenomenological approach (Eigen, 1971) 

;  j = 1, . . . , N 



Comparison of exact, zero backflow and phenomenological solutions 
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Quasispecies and error threshold 



Quasispecies and error threshold exact and in the phenotypic approach 



Quantitative analysis of error thresholds 

level crossing of master sequence:   ( ) ϑϑ =)(
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Level crossing on model landscapes 









Quasispecies and error threshold on L(10,2,1.1,1.0;0.0,d,023) 

d = 0.000 

d = 0.500 



Quasispecies and error threshold on L(10,2,1.1,1.0;0.0,d,023) 

d = 0.950 

d = 1.000 



  

Quasispecies transition on L(10,2,1.1,1.0;0.0,1.000,023) 



Quasispecies transition on  
L(10,2,1.1,1.0;0.0,d,023) 

centered around X000 

centered around X911 



Thank you for your attention! 
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