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Search algorithms

Search approaches

Function optimization approach

A representation of the solutions is chosen

An energy or fitness function is defined on the solutions

Search for the optimal solution is conducted
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Search algorithms

Computational protein problems

Approaches to protein design (Park et al: 2005)

Directed protein design

Probabilistic protein design

Directed search and sampling algorithms

Solutions are not guaranteed to be optimal

No explicit modeling of the search space is done
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Objectives

Improving the efficiency of search algorithms for
computational protein problems

Modeling of the search process

Use of probabilistic graphical models to represent
interactions

Definition of ways to introduce previous knowledge about
the problem domain into the search
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Probabilistic graphical models

Definitions

A graphical model for X = (X1, X2, . . . , Xn) encodes a graphical
factorization of a joint probability distribution

Bayesian networks

Markov networks
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Graphical models in optimization

Optimization domain

Optimization problem

f̂ = maxx∈Ωf (x)

Optimization approaches

Estimation of distribution algorithms (EDAs)

Optimization methods based on inference
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Graphical models in optimization

Optimization approaches

EDAs
Population based evolutionary algorithms

Use probabilistic models instead of genetic operators

At each generation a probabilistic model of the selected
population is learnt

The probabilistic model is used to sample new solutions
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Graphical models in optimization

EDAs: Examples of probabilistic models

Univariate model

p(x) =
n∏

i=1

p(xi)

Tree model

pTree(x) =

n∏

i=1

p(xi | pa(xi))

Mixture of trees model

pMT (x) =

m∑

j=1

λjp
j
Tree(x)
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Graphical models in optimization

Pseudocode of UMDA

1 D0 ← Generate M individuals randomly
2 l = 1
3 do {
4 Ds

l−1 ← Select N ≤ M individuals from Dl−1

according to a selection method
5 pl(x) =

∏n
i=1 p(xi |Ds

l−1)← Estimate the joint
probability of the selected individuals

6 Dl ← Sample M individuals (the new population)
from pl(x)

7 } until A stop criterion is met
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Protein design

Evolutionary niche of a protein

Characteristics
The sequence-structure relationship can be analyzed in
terms of energy (Meyerguz et al: 2004)

The evolutionary niche of the protein: to find the niche of
all proteins, which, regarding the energy value, are more
evolved with respect to the structure

Potential functions introduced to correctly rate the native
structure with respect to a set of decoy structures
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Protein design

Protein design as energy minimization

Protein design

To find the sequence that has the lowest energy with
respect to a protein structure

TE13 function

E(x, σ) =
∑

α,β

pαβnαuαβ(r) ≡
∑

λ

pλnλ

nλ is the number of contacts of a specific type and at a
specific distance (λ) of structure σ

For each λ-s, there is a corresponding independent
parameter pλ
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Tree-EDA

Tree-EDA

1 D0 ← Generate M individuals randomly
2 l = 1
3 do {
4 Ds

l−1 ← Select N ≤ M individuals from Dl−1 according to a selection
method

5 Compute the univariate and bivariate marginal frequencies
ps

i (xi |Ds
l−1) and ps

i,j(xi , xj |Ds
l−1) of Ds

l−1

6 Calculate the matrix of mutual information using
univariate and bivariate marginals

7 Calculate the maximum weight spanning tree from
the matrix of mutual information

8 Compute the parameters of the model
9 Dl ← Sample M individuals (the new population) from the tree

10 } until A stop criterion is met
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Tree-EDA r : Use of the problem structure

EDA approaches: Tree model

Sampling with probabilistic logic sampling (PLS)

Tree-EDA: The tree is learnt from the data

Tree-EDAr : The tree is learnt from the data using the
protein structure information
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Experiments

Experiments

Objectives

To determine the ability of the probability model used by
EDAs to capture relevant features of the problem

To evaluate the capacity of UMDA, Tree-EDA and
Tree-EDAr to solve the energy minimization problem

To establish the influence of using information about the
contact graph of the protein
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Experiments

Experiments

Protein benchmark
Set of 61 protein instances

Chosen from a reduced and non-redundant set of 3901
protein instances

Information about the side chain geometric centers is
available

Contact graphs are calculated using residues contact
distances below 9Å
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Experiments

Results
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Figure: Above: Contact matrices of proteins 4clg-A and 1aoo. Below:
Most frequent interactions found by Tree-EDA
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Figure: Improvement in the energies of the solutions found by
TreeEDA and TreeEDAr with respect to those found UMDA



Introduction Graphical models, EDAs and protein design EDA approach using tree models Conclusions and future work

Outline

1 Introduction
Search algorithms
Objectives

2 Graphical models, EDAs and protein design
Probabilistic graphical models
Graphical models in optimization
Protein design

3 EDA approach using tree models
Tree-EDA
Tree-EDAr : Use of the problem structure
Experiments

4 Conclusions and future work
Conclusions
Future work



Introduction Graphical models, EDAs and protein design EDA approach using tree models Conclusions and future work

Conclusions

Conclusions

Conclusions on computational protein applications

Low energy configurations can be achieved in protein
design problems using EDAs

Solutions achieved in protein design problems can be
improved by the use of probabilistic models able to
represent interactions between the variables

Optimization using graphical models can support
knowledge about the problem structure in protein problems
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Future work

Future work

Conclusions on computational protein applications

Use of probabilistic models able to represent higher
interactions (e.g. mixtures of trees and Kikuchi
approximations)

Application of EDAs to more complex models used for
protein design. In particular, we consider EDAs could be
applied to the solution of the protein design problem using
backbone dependent rotamer libraries (Dunbrack:2002)
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Future work

The role of a priori information in the
minimization of contact potentials by
means of estimation of distribution

algorithms
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