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Darwinian evolution



Three necessary conditions for Darwinian evolution are:

1. Multiplication,
2. Variation, and

3. Selection.

Charles Darwin, 1809-1882

Variation through mutation and recombination operates on the genotype
whereas the phenotype is the target of selection.

One important property of the Darwinian scenario is that variations in the
form of mutations or recombination events occur uncorrelated with their
effects on the selection process.



Three necessary conditions for Darwinian evolution are:

1. Multiplication,
2. Variation, and

3. Selection.

Charles Darwin, 1809-1882

All three conditions are fulfilled not only by cellular organisms
but also by nucleic acid molecules - DNA or RNA - in suitable
cell-free experimental assays:

Darwinian evolution in the test tube
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inevitably to natural selection
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The strong-selection - weak-mutation scenario

Before the development of molecular biology mutation was
treated as a "deus ex machina”



quasispecies and error thresholds



Tag-polymerase

correct replication

adenine @

% thymine o
5'-end

guanine @

cytosine @

mutation rate per site
and replication

mutation

DNA replication and mutation



s kK
!Eﬁqsn 'DPn kFF:n .
g Kasn pp nIEPn
i sz’,' | kF'.'
kFPI i
kor] bp
IEP, s’
RL =t k..
5/ : kAJS,n ¥s
""E\';L-PP Ky |
- PP '
, (— 3 kpsi
f o . \; ZIEaskAsngSJ ‘("A_sr
o) T R M kpsz IES
'!-J il o Ty T SD\JEP kAS} 'DS2 .1
. - - Keps {Es's?
Christof K. Biebricher, 2 s
1941-2009

Kinetics of RNA replication with
QB-replicase

C.K. Biebricher, M. Eigen, W.C. Gardiner, Jr.
Biochemistry 22:2544-2559, 1983

relative concentration x(t)

exponentiell

exp(.f1)

linear

k.t

&y
IEs's? 22 Kees,
.l Has2 2IEP, _s?
g |Es' 052 PP os)
K AS53v -
4st JIEP;$3
pp-/\
) k "’/..‘ N
My ;-WIEF‘;-I
+ kDSf
] ks‘s' kASj
- J_WIEA'F'}JS
OFy
\r—;-/kFPj
JEP,
kps PR kDSJ"
+ = fel
JEF;\L Kasn s
Rl ERTTN
OPn e

_—

saturation or
product inibition

fo+ (1 - o) exp(-t)}-!

time t

v



apgrTr

x*x — A

ki Qji
A+ X, — Xi+ X5 4,7=1,..., n .

A — @ . and

X, — O:i=1..... n .

chemical reaction equations: K; ... reaction rate parameters
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fitness landscape

Manfred Eigen
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fitness landscape

Manfred Eigen : : . p
1927 - mutation matrix XP + )’(J\
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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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quasispecies as a function of the error rate parameter p

a quasispecies is the stationary mutant distribution of a population
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The error threshold in replication and mutation
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rugged and neutral biopolymer landscapes
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antiviral strategies and lethal mutagenesis
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guasispecies, error threshold, and lethal mutagenesis
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