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Barrier trees

Fitness landscape
4

ry structures

minima

Landscape = {X,H, f}

X ... set of configurations
‘H ... topological structure on X that determines accessibility
f ... fitness/energy function with f : X — R
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Barrier trees

Fitness landscape
4

ry structures

minima

Landscape = {X,H, f}

X ... set of configurations
‘H ... topological structure on X that determines accessibility
f ... fitness/energy function with f : X — R

find local minima, gradient basins and saddle points
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Barrier trees ~ -
ary structures

| minima

build up gradient basins/macrostates B(s) , i.e. collections of
configurations arround local minima
if y is local minimum of B(s) then

x€B(s)eIpelP,, Vzep:f(z) <f(x)

saddle points s are configurations where more than one local
minimum is reachable along such a path p , i.e. saddle points
connect basins By(s)

all configurations in B(s) are mutually connected by paths that dont
exceed f(s)

results in a hierarchical structure of basins and saddle points
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Barrier trees ~ -
ary structures

| minima

build up gradient basins/macrostates B(s) , i.e. collections of
configurations arround local minima
if y is local minimum of B(s) then

x€B(s)eIpelP,, Vzep:f(z) <f(x)

saddle points s are configurations where more than one local
minimum is reachable along such a path p , i.e. saddle points
connect basins By(s)

all configurations in B(s) are mutually connected by paths that dont
exceed f(s)

results in a hierarchical structure of basins and saddle points

@ barriers f5(x, y) between two local minima x, y:

f8(x,y) = min maxf
(x,¥) Jmin max (2)
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Fitness landscape

Barrier trees
dary structures

minima

Energy landscape of biopolymers play important role

@ RNA is one of the most important building blocks in living cells
@ ncRNA structure conformation crucial for regulation of cellular
processes

(A) 5' - GCGCUCUGAUGAGGCCGCAAGGCCGAAACUGCCGCAAGGCAGUCAGCGC - 3'

©
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Barrier trees

Free energy landscape of RNA secondary structures
d orit bar:

minima

Free energy landscape of RNA secondary structures

@ Configurations:
complete set of suboptimal secondary structures arround energy
range § of MFE structure (e.g. obtained by RNAsubopt)

@ Topology/move set:
base pair delete, base pair insert, shift move

A—A A—A A
A A UG A A A A i A P
U—G@ — U G U—G6 —» U—A
C—G c—@ C—G6 +—— ¢—6
A—U A—U A—U A—U
G—cC u—e G—cC G—cC G—C
5-A—U-3 5-A—U3 5~A—U-3 5-A—U-3

@ Fitness function:
free energy of secondary structure
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Barrier trees

A s ary structu
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Barrier trees

n local minima
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Barrier trees
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Barrier trees -
structu

The flooding algorithm barriers

y between local minima




Barrier trees

y | f RNA second
oding algorithm barriers
|

thway b n local minima

sR29 sRNA of Pyrococcus furiosus




Barrier trees

e energy land o
The flooding algorithm

Re-folding pathway between local minima

Transition rates
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Barrier trees

ry structures

minima

@ transition of the sytem from basin/macro state « into basin/macro
state [

@ the barrier tree generation is a partitioning of the state space

Qo= e 5" G, =—kT - InQa

JEa

Q=) Q.
«
@ the equilibrium distribution of state « is given by

_ G
Q

T
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Barrier trees

ry structures

minima

@ to take reversibility of the system into account, V3,

BaToa = raBTs

rﬁa _ efG[-}/kT
rag e~ Ga/KT

Ba e_(Es(—‘f’_Ga)/kT

fag e (Esap Ga)/KT

@ transition rate to reach state J from state «

Poo = Tap - € Esap=C)/KT
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Barrier tree kinetics Dynamics of biopolymers
\Y

approach

RNA folding can be modeled as a Markov process

The probability distribution P of structures as a function of time is ruled
by a set of forward equations, also known as the master equation

dP(;i('X) = Zy#x[Pt(_y)kyx - Pt(X)kXy]

Given an initial population distribution Py, how does the system evolve in
time?

%Pt:UPt — Pt:etUPO
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Barrier tree kinetics Dynamics of biopolymers

Macro state approach

@ Coarse grained approach
@ Conformation space is mapped onto macro states of the barrier tree

@ Transition rates for matrix U are available after applying barriers
algorithm

@ Deterministic process
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Barrier tree kinetics Dynamics of biopolymers

Macro state approach

@ Coarse grained approach
@ Conformation space is mapped onto macro states of the barrier tree

@ Transition rates for matrix U are available after applying barriers
algorithm

@ Deterministic process

Starting at a specific local minimum of the barrier tree how long does the
sytem takes to reach an equilibrium state?
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Barrier tree kinetics Dynamics of biopolymers

Macro state approach

@ Coarse grained approach
@ Conformation space is mapped onto macro states of the barrier tree

@ Transition rates for matrix U are available after applying barriers
algorithm

@ Deterministic process
Starting at a specific local minimum of the barrier tree how long does the
sytem takes to reach an equilibrium state?

How much are other local minima populated on the way from a start
structure to the local minimum?
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Example Usage

The Webserver Pr ple
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Example Usage
=

The Webserver >recision Example
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The Webserver

10 macro states 100 macro states
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The Webserver

Example Usage

Precision Example

populstion densily

Ppopulation denaity

1e-03 1e+00

te+03

16406

[mo2osmamy

10 macro states

te-03 16400 1e+08 16405

[ mzBsmsmsmizmnmss

100 macro states
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