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Kardinal Christoph Schönborn, Finding Design in Nature, commentary in The 
New York Times, July 5, 2005

„ ... Evolution in the sense of common ancestry might be true, but 
evolution in the Neo-Darwinian sense – an unguided, unplanned 
process of random variation and natural selection – is not. Any 
system of thought that denies or seeks to explain away the 
overwhelming evidence for design in biology is ideology, not science.

... Scientific theories that try to explain away the appearance of 
design as the result of ‚chance and necessity‘ are not scientific at 
all, but ... an abdication of human intelligence.“



Peter Schuster. Evolution and design. The Darwinian theory of evolution is a 
scientific fact and not an ideology. Complexity 11(1):12-15, 2006

Peter Schuster. Evolution und Design.
Versuch einer Bestandsaufnahme der 

Evolutionstheorie.

In:   Stephan Otto Horn und Siegfried 
Wiedenhofer, Eds.

Schöpfung und Evolution. Eine Tagung mit 
Papst Benedikt XVI

in Castel Gandolfo. Sankt Ulrich Verlag, 
Augsburg 2007, pp.25-56.

English translation:

Creation and Evolution.

Ignatius Press, San Francisco, CA, 2008



„You care for nothing but shooting, dogs and rat-catching“, Robert Darwin told his son, 
„and you will be a disgrace to yourself and all your family“. Yet the feckless boy is 
everywhere. Charles Darwin gets so much credit, we can‘t distinguish evolution from him. 

Carl Safina. Darwinism must die so that evolution may live. 
The New York Times, February 12, 2009
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Equating evolution with Charles Darwin ignores 150 years of discoveries, including most of 
what scientists understand about evolution. Such as Gregor Mendel‘s pattern of heredity 
(which gave Darwin‘s idea of natural selection a mechanism – genetics – by which it could 
work), the discovery of DNA (which gave genetics a mechanism and let us see evolutionary 
lineages), developmental biology (which gives DNA a mechanism), studies documenting 
evolution in nature (which converted the hypothetical to observable fact), evolution‘s role in 
medicine and disease (bringing immediate relevance to the topic), and more. 
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By propounding „Darwinism“, even scientists and science writers perpetuate an impression 
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Drei notwendige Bedingungen für Darwinsche Evolution:

1. Vermehrung

2. Variation

3. Selektion

Empirisch erkanntes Prinzip der natürlichen Auslese
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Two variants with a mean progeny of ten or eleven descendants



01.0,02.0,1.0;1)0(,9999)0( 21 === sNN

Selection of advantageous mutants in populations of  N = 10 000 individuals



Genotype, Genom

Phänotyp

GCGGATTTAGCTCAGTTGGGAGAGCGCCAGACTGAAGATCTGGAGGTCCTGTGTTCGATCCACAGAATTCGCACCA

Zellbiologie
Entwicklungsbiologie
Neurobiologie
Mikrobiologie
Botanik und Zoologie
Anthropologie
Ökologie

Biochemie
Strukturbiologie
Molekularbiologie

Molekulare Evolution
Molekulargenetik

Systembiologie
Bioinfomatik

Genetik
Epigenetik

Umwelt
Entwicklung
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James D. Watson, 1928-, and Francis H.C. Crick, 1916-2004

Nobel prize 1962

1953 – 2003  fifty years double helix

The three-dimensional structure of a 
short double helical stack of B-DNA



Deoxyribonukleinsäure – DNA

Der Träger digital verschlüsselter Information

Verdopplung der genetischen Information



Complementary replication is 
the simplest copying mechanism
of RNA.
Complementarity is determined 
by Watson-Crick base pairs:

G C and A=U



Kinetics of RNA replication
C.K. Biebricher, M. Eigen, W.C. Gardiner, Jr.
Biochemistry 22:2544-2559, 1983
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Complementary replication as the simplest molecular mechanism of reproduction



Selection in an ensemble of replicating molecules
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Drei notwendige Bedingungen für Darwinsche Evolution:

1. Vermehrung,

2. Variation, and

3. Selektion.

Variation in Form von Rekombination und/oder Mutation verändert die
Genotypen wogegen Selektion nur auf den Phänotypen operiert. 

Im Darwinschen Szenario treten Variationen in Form von Rekombinations-
und/oder Mutationsereignissen unkorreliert mit ihren Effekt auf den
Selektionprocess auf und erscheinen daher zufällig. 

Alle drei Bedingungen werden nicht nur von zellulären Organismen erfüllt 
sondern auch von Molekülen in geigneten zellfreien Assays.



Mutation as an error 
in replication
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1988

1971

Chemical kinetics of molecular evolution



Chemical kinetics of replication and mutation as parallel reactions



Quasispecies

Driving virus populations through threshold

The error threshold in replication-mutation ensembles



Molecular evolution of viruses



Fitness landscapes showing error thresholds



Error threshold: Individual sequences

n = 10, = 2 and d = 0, 1.0, 1.85 
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Evolution of RNA molecules based on Q phage

D.R.Mills, R.L.Peterson, S.Spiegelman, An extracellular Darwinian experiment with a 
self-duplicating nucleic acid molecule. Proc.Natl.Acad.Sci.USA 58 (1967), 217-224

S.Spiegelman, An approach to the experimental analysis of precellular evolution. 
Quart.Rev.Biophys. 4 (1971), 213-253

C.K.Biebricher, Darwinian selection of self-replicating RNA molecules. Evolutionary 
Biology 16 (1983), 1-52

G.Bauer, H.Otten, J.S.McCaskill, Travelling waves of in vitro evolving RNA.
Proc.Natl.Acad.Sci.USA 86 (1989), 7937-7941

C.K.Biebricher, W.C.Gardiner, Molecular evolution of RNA in vitro. Biophysical 
Chemistry 66 (1997), 179-192

G.Strunk, T.Ederhof, Machines for automated evolution experiments in vitro based on 
the serial transfer concept. Biophysical Chemistry 66 (1997), 193-202

F.Öhlenschlager, M.Eigen, 30 years later – A new approach to Sol Spiegelman‘s and 
Leslie Orgel‘s in vitro evolutionary studies. Orig.Life Evol.Biosph. 27 (1997), 437-457



RNA  sample

Stock solution:  Q  RNA-replicase, ATP, CTP, GTP and UTP, buffer

Time
0 1 2 3 4 5 6 69 70

Anwendung der seriellen Überimpfungstechnik auf RNA-Evolution in Reagenzglas



Evolutionary design of RNA molecules

A.D. Ellington, J.W. Szostak, In vitro selection of RNA molecules that bind specific ligands. 
Nature 346 (1990), 818-822

C. Tuerk, L. Gold, SELEX - Systematic evolution of ligands by exponential enrichment: RNA 
ligands to bacteriophage T4 DNA polymerase. Science 249 (1990), 505-510

D.P. Bartel, J.W. Szostak, Isolation of new ribozymes from a large pool of random sequences. 
Science 261 (1993), 1411-1418

R.D. Jenison, S.C. Gill, A. Pardi, B. Poliski, High-resolution molecular discrimination by RNA. 
Science 263 (1994), 1425-1429

Y. Wang, R.R. Rando, Specific binding of aminoglycoside antibiotics to RNA. Chemistry & 
Biology 2 (1995), 281-290 

L. Jiang, A. K. Suri, R. Fiala, D. J. Patel, Saccharide-RNA recognition in an aminoglycoside 
antibiotic-RNA aptamer complex. Chemistry & Biology 4 (1997), 35-50



An example of ‘artificial selection’ 
with RNA molecules or ‘breeding’ of 
biomolecules



tobramycin

RNA aptamer, n = 27

Formation of secondary structure of the tobramycin binding RNA aptamer with KD = 9 nM

L. Jiang, A. K. Suri, R. Fiala, D. J. Patel, Saccharide-RNA recognition in an aminoglycoside antibiotic-
RNA aptamer complex. Chemistry & Biology 4:35-50 (1997)



The three-dimensional structure of the 
tobramycin aptamer complex

L. Jiang, A. K. Suri, R. Fiala, D. J. Patel, 
Chemistry & Biology 4:35-50 (1997)



Application of molecular evolution to problems in biotechnology



Artificial evolution in biotechnology and pharmacology

G.F. Joyce. 2004. Directed evolution of nucleic acid enzymes. 
Annu.Rev.Biochem. 73:791-836.

C. Jäckel, P. Kast, and D. Hilvert. 2008. Protein design by 
directed evolution. Annu.Rev.Biophys. 37:153-173. 

S.J. Wrenn and P.B. Harbury. 2007. Chemical evolution as a 
tool for molecular discovery. Annu.Rev.Biochem. 76:331-349.
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Evolution in silico

W. Fontana, P. Schuster, 
Science 280 (1998), 1451-1455



Phenylalanyl-tRNA as 
target structure

Structure of 
randomly chosen 
initial sequence



Evolution of RNA molecules as a Markow process and its analysis by means of the relay series



Replication rate constant

(Fitness):

fk = / [ + dS
(k)]

dS
(k) = dH(Sk,S )

Selection pressure:

The population size, 

N = # RNA moleucles, 

is determined by the flux:

Mutation rate:

p = 0.001 / Nucleotide Replication 

NNtN ±≈)(

The flow reactor as a device for
studying the evolution of molecules

in vitro and in silico.



In silico optimization in the flow reactor: Evolutionary Trajectory



28 neutral point mutations during a 
long quasi-stationary epoch

Transition inducing point mutations 
change the molecular structure

Neutral point mutations leave the 
molecular structure unchanged

Neutral genotype evolution during phenotypic stasis 



Randomly chosen 
initial structure

Phenylalanyl-tRNA 
as target structure



A sketch of optimization on neutral networks
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Was bedeutet Neutralität ?

Selektive Neutralität = 
= mehrere Genotypen weisen identische Fitness auf. 

Strukturelle Neutralität =
= mehrere Genotypen bilden identische Strukturen aus.





Charles Darwin. The Origin of Species. Sixth edition. John Murray. London: 1872 



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 average time of replacement of a dominant genotype in a population 
is the reciprocal mutation rate, 1/ , and therefore independent of 
population size.

Fixation of mutants in neutral evolution (Motoo Kimura, 1955)
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Definition of RNA structure



RNA sequence:

RNA structure
of minimal free 

energy:

GUAUCGAAAUACGUAGCGUAUGGGGAUGCUGGACGGUCCCAUCGGUACUCCA

RNA folding:

Structural biology,
spectroscopy of 
biomolecules, 
understanding

molecular function

Inverse Folding
Algorithm

Iterative determination
of a sequence for the

given secondary
structure

Sequence, structure, and design

Inverse folding of RNA:

Biotechnology,
design of biomolecules

with predefined 
structures and functions



The inverse folding algorithm searches for sequences that form a given RNA 
secondary structure under the minimum free energy criterion. 



many genotypes          one phenotype
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Pairs of genotypes in neutral replication networks



A fitness landscape including neutrality



Neutral network: Individual sequences

n = 10, = 1.1, d = 1.0



Consensus sequence of a quasispecies of two strongly coupled sequences of 
Hamming distance dH(Xi,,Xj) = 1. 



Neutral network: Individual sequences

n = 10, = 1.1, d = 1.0



Consensus sequence of a quasispecies of two strongly coupled sequences of 
Hamming distance dH(Xi,,Xj) = 2. 



N = 7

Neutral networks with increasing :  = 0.10, s = 229



N = 7

Neutral networks with increasing :  = 0.10, s = 229



N = 24

Neutral networks with increasing :  = 0.15, s = 229



N = 70

Neutral networks with increasing :  = 0.20, s = 229
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