
8 Conclusions 

This thesis revolves around the development of Evolutionary Algorithms (EAs) applied to

optimization and model discovery in biological systems. Five independent topics of biological significance

were addressed. Even though they are essentially unrelated, they share the sort of non-linear complexity

that is typical of biological systems; and this makes them particularly well tailored for Evolutionary

Algorithms, which are primarily computational methods designed for optimization of complex problems

with large search spaces.

There is no optimal method for solving all types of optimization problems. An algorithm adequate

for a certain class of problems may breakdown under a different problem. This became quite clear over

the previous chapters; each problem had to be considered individually and a method to address it was

developed. The framework followed for developing the algorithms in this work is usually applicable to any

optimization problem that uses Evolutionary Algorithms:

1. Nature of the problem — to solve a problem it is necessary to understand it. This may sound like a

tautology, but EAs need to be able to evaluate how good a solution is, if not in absolute terms, at

least in relation to other candidate solutions. If a problem is well understood, a more

reliable/realistic method to evaluate solutions can be developed.

2. Modelling of the problem — optimization is not carried out on the problem itself but on a model of

the problem. This is an important distinction; a solution can be perfect for the model but, for the

real problem, it is only as good as the model itself. Thus again the importance of understanding

the nature of the problem. Knowledge of the problem allows the development of a model that

captures and reflects its essential characteristics.

3. Objective function — arguably the most important component of EAs. The objective function is a

measurement of how well a solution fits the model of the problem and is used to assign a fitness

value to candidate solutions. In four of the problems considered in this work, the objective

function and the fitness value were the same (direct 1:1 mapping); only in chapter 5 the objective

function was used to assign fitness values based on the relative performance of solutions within

the population (rank based selection).

4. Development of an Evolutionary Algorithm — depending on the problem a certain EA will be better

suited than others. For example, it is now generally accepted that the original binary Genetic

Algorithm is inefficient to solve real valued numerical problems. Alternative methods such as

Differential Evolution are faster and yield better solutions. Two other important aspects are the

design of efficient search operators and how to present the problem to an EA, ideally in a

parameterisation that 'automatically' accommodates constraints (for example Kinghorn &

Shepherd, 1999). Before summarizing the work of this thesis, one last question remains. Why

use Evolutionary Algorithms? Essentially, they present various characteristics that are

advantageous for solving optimization problems. Michalewicz & Fogel (2000:412-413) summarize

these advantages as:

1. Simplicity. The concept and the implementation of EAs are simple.

2. Broad applicability. Virtually any problem can be addressed by EAs.
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3. Hybrid methods. EAs allow integration with other methods.

4. Parallelism. The structure of EAs makes them particularly well suited for parallelization.

5. Robust to changes. Changes in the target system do not render the algorithm useless.

6. Self adaptation. The parameters of the EA can evolve alongside the solutions.

7. Solve problems with no known answers. Probably the greatest advantage of EAs; if an

evaluation of goodness of fit of a solution is possible, EAs can be used.

The contributions of this thesis are summarized in the next sections. Emphasis is given to the

Evolutionary Algorithms and software developed; contributions to the biological problems are also

highlighted.

8.1 Nutrition Parameters in Beef Cattle

Beef cattle nutrition models (SCA 1990 and AFRC 1993, among others) can be used to predict

economically important traits such as nutritional requirements, feed utilization and weight gain for a given

set of parameters (quantity and ration formulation and cattle characteristics, for example). The problem is

to find a set of parameters that maximizes the use of available resources to achieve target output(s).

Differential Evolution (Price & Storn 1997), a simple and efficient heuristic for optimization of real valued

problems, was implemented in the software LaGraZ. This software allows producers to predict daily live

weight gain for a given diet as well as optimize ration formulations and daily allowances to meet specified

nutritional targets. A good fit was obtained between experimental data of daily live weight gain from

animal trials in comparison to those predicted by LaGraZ. The main advantage of the evolutionary

approach — Differential Evolution — in relation to the commonly used Linear Programming is that the

objective function is extrinsic to the optimization algorithm; which can be modified and/or additional

targets can be included without significant changes to the heuristic. The entire nutrition model can be

replaced without changes to the algorithm. The objective function was designed to accommodate

simultaneous optimization of several targets (multicriteria optimization). Due to the flexibility of the

Evolutionary Algorithm, it is straightforward to extend the objective function to include an additional target.

For example, economic values — an important target for practical applications — can be included (the

current version of LaGraZ is based solely on optimization of nutritional parameters).

8.2 Multiple Sequence Alignment

Multiple sequence alignment (MSA) plays an important role in molecular sequence analysis. An

alignment is the arrangement of two (pairwise alignment) or more (multiple alignment) sequences of

`residues' (nucleotides or amino acids) that maximizes the similarities between them. Algorithmically, the

problem consists of opening and extending gaps in the sequences to maximize an objective function

(measurement of similarity). A simple Genetic Algorithm (GA) was developed and implemented in the

program MSA-GA. GAs are well suited for this problem since residues and gaps are discrete units. An

Evolutionary Algorithm cannot compete in terms of speed with progressive alignment methods but it has

the advantage of being able to correct for initially misaligned sequences; which is not possible with the

progressive method. This was shown using the BaliBase benchmark (Thompson et aL 1999b) where

Clustal-W alignments were used to seed the initial population in MSA-GA, significantly improving them.

Alignment scoring functions are an open field of research and it is important to have a tool that allows

evaluation of new functions. The main contribution of this work was to develop a general evolutionary
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framework for testing and implementing different scoring functions. Results have shown that a simple GA

is capable of optimizing an alignment without the need of excessively complex operators used in prior

work. The object oriented approach used in MSA-GA makes extending and/or replacing objective

functions a trivial task.

8.3 Microarray Experimental Design

Spotted microarrays simultaneously provide information on thousands of genes. But they are

costly and time consuming, which makes experimental design considerations an important topic.

Experimental design is essentially an allocation problem of discrete, finite objects — select samples to

hybridize on the same slide and assign dyes to the samples. A Genetic Algorithm was developed to

optimize the experimental design of spotted microarrays using a weighted multicriteria objective function.

The method was implemented in ArrayDesigner which can be used to search for optimal/near-optimal

designs for a given set of user-defined parameters. Optimal designs are known for studies that use a

small number of samples and slides (Kerr & Churchill 2001); for these the GA evolved comparable

designs. The advantage of the GA is that it can be used to optimize large designs with many samples and

slides, which is computationally intractable by exhaustive search. To our knowledge this is the first time a

GA has been used for microarray experimental design optimization.

8.4 S-Systems Modelling of Genetic and Biochemical Networks

Modelling of biological processes has become an important research topic to understand

processes from a systems point of view. Driven by the ever-growing availability of data — with gene

expression data a major source — genetic and biochemical models try to explain how the components and

their interactions affect the behaviour of the entire system. The most common approach to modelling is

through differential equations; which include S-Systems (Voit 2000). Method and code to convert directed

graphs of networks into S-Systems equations was developed and implemented in SimArray. Even though

the method is generic, the theme of the program is microarrays; it also includes basic stability and

sensitivity analyses, plots and data of simulations, and generates simulated microarray datasets. A major

difficulty with S-Systems is identifying an appropriate set of parameter values for a model. Differential

Evolution (Price & Storn 1997) is used to optimize model parameters (rate constants and kinetic orders).

Results with time course simulated data of fermentation in Saccharomyces cerevisae show that a full

parameter set evolved that fits well four out of five of the time-course data points and adequately models

the dynamics of the system. This is the first work that provides a simple method for constructing S-

Systems (automatically converts graphs into equations) and uses an EA for estimation of parameter

values.

8.5 Reconstruction of Genetic and Biochemical Pathways

The ultimate modelling method will allow construction of entire models, fully parameterized from

biological datasets. This goal is still out of reach, but some steps can be taken to advance the research. A

hybrid EA was developed to evolve models of biological processes as systems of differential equations

and simultaneously co-evolve a set of parameters for these models from time-series data. Gene

Expression Programming (Ferreira 2001), a Genetic Programming variant was used for model inference

with an embedded Differential Evolution (Price & Storn 1997) for model parameterization. A simple
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method for reducing bloat in Gene Expression Programming was also developed. To test the algorithm, a

computational tool with several heuristic methods for construction of systems of equations (functions f(x)

or differential equations dx/dt) from user defined datasets was developed. Simulated data from two

mathematical models of the lac operon was used to compare the hybrid method with Gene Expression

Programming; it was shown that the hybrid method is significantly superior. For model parameterization,

Differential Evolution was superior in comparison to other heuristic methods. This justifies its use in the

other real valued numerical optimization problems of this thesis. There is a great potential for EAs in

reconstruction of pathways; the hybrid algorithm is a step in the right direction.

8.6 Final Remarks

All biological topics studied in this thesis are actively being researched; new discoveries are

constantly being made and have to be incorporated into the optimization tools. Here lies the main

advantage of Evolutionary Computation over other methods: the ease with which new information — new

objective functions — can be adopted without changes to the heuristic. Over the previous chapters it

became clear that for most of the topics alternative objective functions are available or better ones are

necessary. As new functions are developed they can immediately replace old ones, if an evolutionary

framework is employed. This flexibility also makes EAs a useful tool for comparing different objective

functions under a common framework. Regardless of discussions on whether the objective functions used

in this work are superior to others, all the algorithms and code developed can easily be modified to target

a different function. Computationally, the programs are object oriented and a new objective function is a

simple matter of replacing a single class. All software is freely available from the author.

The five biological topics discussed are complex and of practical importance. For each an

Evolutionary Algorithm was developed and implemented in a fully functional ready to use program. The

methods and their corresponding programs were evaluated as to their optimization capabilities. The

results show that Evolutionary Algorithms are efficient for addressing complex biological problems. Many

biological questions are being studied using EAs; and with the ever increasing volume of biological data,

it can be expected that the use of EAs will only keep on growing. Evolutionary Computation has come full

circle; originally inspired by biological processes, it has found its way back into biology to help investigate

complex, challenging and relevant problems.

120



eferences 

AFRC (1993). Energy and Protein Requirements of Ruminants. Wallingford, CAB International.

Aggarwal, K. and K. H. Lee (2003). "Functional genomics and proteomics as a foundation for systems

biology." Briefinqs in Functional Genomics & Proteomics 2(3): 175-184.

Akutsu, T., S. Miyano and S. Kuhara (2000). "Algorithms for identifying Boolean networks and related

biological networks based on matrix multiplication and fingerprint function." Journal of Computational 

Biology 7(3-4): 331-343.

Alba, E. and M. Tomassini (2002). "Parallelism and evolutionary algorithms." IEEE Transactions on 

Evolutionary Computation 6(5): 443-462.

Allman, E. S. and J. A. Rhodes (2003). Mathematical Models in Biology : An Introduction. Cambridge,

Cambridge University Press.

Altman, R. B. (1998). "A curriculum for bioinformatics: The time is ripe." Bioinformatics 14(7): 549-550.

Altschul, S. F. (1989). "Gap costs for multiple sequence alignment." J Theor Biol 138(3): 297-309.

Anbarasu, L. A., P. Narayanasamy and V. Sundararajan (2000). "Multiple molecular sequence alignment

by island parallel genetic algorithm." Current Science 78(7): 858-863.

Anderson, L. and J. Seilhamer (1997). "A comparison of selected mRNA and protein abundances in

human liver." Electrophoresis 18:533-537.

Ando, S., E. Sakamoto and H. Iba (2002). "Evolutionary modeling and inference of gene network."

Information Sciences 145(3-4): 237-259.

ARC (1980). The nutrient requirements of ruminant livestock. London, Gresham Press.

Atmar, W. (1994). "Notes on the Simulation of Evolution." leee Transactions on Neural Networks 5(1):

130-147.

Augen, J. (2003). "In silico biology and clustered supercomputing: shaping the future of the IT industry."

BioSilico 1(2): 47-49.

Back, T. (1996). Evolutionary Algorithms in theory and practice. New York, Oxford University Press.

121



References

Back, T., D. B. Fogel and T. Michalewicz, Eds. (2000a). Evolutionary Computation 1: Basic Algorithms

and Operators. Bristol, Institute of Physics Publishing.

Back, T., D. B. Fogel and T. Michalewicz, Eds. (2000b). Evolutionary Computation 2: Advanced 

Algorithms and Operators. Bristol, Institute of Physics Publishing.

Back, T., D. B. Fogel, L. D. Whitley and P. J. Angeline (2000c). Mutation Operators. Evolutionary

Computation 1: Basic Algorithms and Operators. Bristol, Institute of Physics Publishing: 237-255.

Back, T. (2000). Introduction to Evolutionary Algorithms. Evolutionary Computation 1: Basic Algorithms

and Operators. Bristol, Institute of Physics Publishing: 59-63.

Back, T., Ed. (2003). Handbook of Evolutionary Computation. Bristol, Institute of Physics Publishing.

Bailey, L. R. and J. H. Moore (1999). "Simulation of gene expression patterns in cDNA microarray data."

American Journal of Human Genetics 65(4): A91-A91.

Bahr, A., J. D. Thompson, J. C. Thierry and 0. Poch (2001). "BAIiBASE (Benchmark Alignment

dataBASE): enhancements for repeats, transmembrane sequences and circular permutations." Nucleic 

Acids Res 29(1): 323-6.

Balagurunathan, Y., E. R. Dougherty, Y. D. Chen, M. L. Bittner and J. M. Trent (2002). "Simulation of

cDNA microarrays via a parameterized random signal model." Journal of Biomedical Optics 7(3): 507-

523.

Banzhaf, W., P. Nordin, R. E. Keller and F. D. Francone (1998). Genetic Programming - An Introduction.

San Mateo, Morgan Kaufmann.

Battista, G. D., P. Eades, R. Tamassia and I. Tollis (1994). "Algorithms for drawing graphs: an annotated

bibliography." Computational Geometry: Theory and Applications 4: 235-282.

Battista, G. D., P. Eades, R. Tamassia and I. Tollis (1999). Graph Drawing: Algorithms for the

Visualization of Graphs. Upper Saddle River, Prentice Hall.

Bellman, R. E. (2003). Dynamic Programming. Dover, Dover Publications.

Beyer, H.-G. and H.-P. Schwefel (2002). "Evolution strategies: A comprehensive introduction." Natural 

Computing 1(1): 3-52.

Bhalla, U. S. (2002). Use of kinetikit and genesis for modeling signaling pathways. Methods in 

Enzymology. J. D. Hildebrandt and R. IYengar. New York, Academic Press. 345: 3-23.

122



References

Blickle, T. (1996). Evolving Compact Solutions in Genetic Programming: A Case Study. Parallel Problem

Solving From Nature IV. Proceedings of the International Conference on Evolutionary Computation. H.-M.

Voigt, W. Ebeling, I. Rechenberg and H. P. Schwefel. Berlin, Springer-Verlag: 564-573.

Bonizzoni, P. and G. Della Vedova (2001). "The complexity of multiple sequence alignment with SP-score

that is a metric." Theoretical Computer Science 259(1-2): 63-79.

Booker, L. B., D. B. Fogel, L. D. Whitley, P. J. Angeline and A. E. Eiben (2000). Recombination.

Evolutionary Computation 1: Basic Algorithms and Operators. Bristol, Institute of Physics Publishing: 256-

307.

Bower, J. M. and D. Beeman (1998). The book of genesis: exploring realistic neural models with the

general neural simulation system. New York, Springer-Verlag.

Bower, J. M. and H. Bolouri, Eds. (2001). Computational Modeling of Genetic and Biochemical Networks.

Massachusetts, MIT Press.

Campbell, A. M. and L. J. Heyer (2003). Discovering qenomics, proteomics, and bioinformatics. San

Francisco, Benjamin Cummings.

Cao, H., L. Kang, Y. Chen and J. Yu (2000). "Evolutionary Modeling of Systems of Ordinary Differential

Equations with Genetic Programming." Genetic Proqramminq and Evolvable Machines 1(4): 309-337.

Chaudhuri, K. and T. Johnson (1990). "Bioeconomic Dynamic of a Fishery Modelled as an S-System."

Mathematical Bioscience 99: 231-249.

Chellapilla, K. and G. B. Fogel (1999). Multiple sequence alignment using evolutionary programming.

Congress on Evolutionary Computation (CEC99).

Chen, T., H. L. He and G. M. Church (1999). "Modeling gene expression with differential equations." Pac

Symp Biocomput: 29-40.

Chen, B. S., Y. C. Wang, W. S. Wu and W. H. Li (2005). "A new measure of the robustness of

biochemical networks." Bioinformatics 21(11): 2698-705.

Chenna, R., H. Sugawara, T. Koike, R. Lopez, T. J. Gibson, D. G. Higgins and J. D. Thompson (2003).

"Multiple sequence alignment with the Clustal series of programs." Nucleic Acids Res 31(13): 3497-500.

Chong, L. and L. B. Ray (2002). "Whole-istic biology." Science 295(5560): 1661-1661.

Churchill, G. A. (2002). "Fundamentals of experimental design for cDNA microarrays." Nature Genetics

32: 490-495.

123



References

Covert, M. W., C. H. Schilling, I. Famili, J. S. Edwards, I. I. Goryanin, E. Selkov and B. 0. Palsson (2001).

"Metabolic modeling of microbial strains in silico." Trends in Biochemical Sciences 26(3): 179-186.

Crabtree, J. R. (1982). "Interactive formulation system for cattle diets."  Aqric. Systems 8: 291-308.

Dayhoff, M. 0. (1978). Survey of new data and computer methods of analysis. Atlas of Protein Sequence

and Structure 5, supp. 3. M. 0. Dayhoff. Silver Springs, National Biomedical Research Foundation: 2-8.

De Hoon, M., S. Imoto and S. Miyano (2002). "Inferring gene regulatory networks from time-ordered gene

expression data using differential equations." Discovery Science, Proceedings 2534: 267-274.

De Jong, K. and J. Sarma (1993). Generation gaps revisited. Foundations of Genetic Algorithms 2. L. D.

Whitley. San Mateo, Morgan Kaufmann: 19-28.

De Jong, K., D. B. Fogel and H. P. Schwefel (2000). A history of evolutionary computation. Evolutionary

Computation 1: Basic Algorithms and Operators. Bristol, Institute of Physics Publishing: 40-58.

De Jong, H. (2002). "Modeling and simulation of genetic regulatory systems: A literature review." Journal 

of Computational Biology 9(1): 67-103.

DeRisi, J. L., V. R. lyer and P. 0. Brown (1997). "Exploring the metabolic and genetic control of gene

expression on a genomic scale." Science 278(5338): 680-686.

D'haeseleer, P., S. D. Liang and R. Somogyi (2000). "Genetic network inference: from co-expression

clustering to reverse engineering." Bioinformatics 16(8): 707-726.

Dobbin, K. and R. Simon (2002). "Comparison of microarray designs for class comparison and class

discovery." Bioinformatics 18(11): 1438-45.

Dobbin, K., J. H. Shih and R. Simon (2003). "Statistical design of reverse dye microarrays."

Bioinformatics 19(7): 803-10.

Doeschl-Wilson, A. B., P. W. Knap and B. P. Kinghorn (2006). Specifying animal genotypes through

model inversion. Mechanistic Modelling in Pig and Poultry Production. C. Fisher, R. Gous and T. Morris.

Wallingford, CABI Publishing - in press.

Draghici, S., A. Kuklin, B. Hoff and S. Shams (2001). "Experimental design, analysis of variance and slide

quality assessment in gene expression arrays." Curr Opin Drug Discov Devel 4(3): 332-7.

Draghici, S. (2003). Data Analysis Tools for DNA Microarrays. Boca Raton, Chapman & Hall/CRC.

124



References

Durbin, R., S. Eddy, A. Krogh and G. Mitchison (1998). Biological sequence analysis : probabalistic

models of proteins and nucleic acids. Cambridge, Cambridge University Press.

Dudoit, S., Y. H. Yang, M. J. Callow and T. P. Speed (2002). "Statistical methods for identifying

differentially expressed genes in replicated cDNA microarray experiments." Statistica Sinica 12(1): 111-

139.

Ebedes, J. and A. Datta (2004). "Multiple sequence alignment in parallel on a workstation cluster."

Bioinformatics 20(7): 1193-5.

Eddy, S. R. (1998). "Profile hidden Markov models." Bioinformatics 14(9): 755-763.

Edgar, R. C. (2004). "MUSCLE: a multiple sequence alignment method with reduced time and space

complexity." BMC Bioinformatics 5: 113.

Eshelman, L. J. (2000). Genetic Algorithms. Evolutionary Computation 1: Basic Algorithms and

Operators. Bristol, Institute of Physics Publishing: 64-80.

Feng, D. F. and R. F. Doolittle (1987). "Progressive sequence alignment as a prerequisite to correct

phylogenetic trees." J Mol Evol 351-60(4): 351-360.

Ferreira, C. (2001). "Gene Expression Programming: A new adaptive algorithm for solving problems."

Complex Systems 13(2): 87-129.

Ferreira, C. (2002). Gene Expression Programming. Mathematical Modelling by an Artificial Intelligence.

Angra do Heroismo, GepSoft.

Ferreira, C. (2003). Function Finding and the Creation of Numerical Constants in Gene Expression

Programming. Advances in Soft Computinq - Engineering Design and Manufacturing. J. M. Benitez, 0.

Cordon, F. Hoffmann and R. Roy. Heidelberg, Springer-Verlag: 257-266.

Fisher, R. A. (1971). The Design of Experiments. New York, Hafner.

Fogel, D. B. (1999). Evolutionary Computation: Toward a New Philosophy of Machine Intelligence.

Piscataway, Wiley-IEEE.

Fogel, D. B. (2000a). Introduction to Evolutionary Computation. Evolutionary Computation 1: Basic

Algorithms and Operators. Bristol, Institute of Physics Publishing: 1-3.

Fogel, D. B. (2000b). Principles of Evolutionary Computation. Evolutionary Computation 1: Basic

Algorithms and Operators. Bristol, Institute of Physics Publishing: 23-26.

125



References

Fogel, D. B. and D. W. Co yne, Eds. (2003). Evolutionary Computation in Bioinformatics. San Mateo,

Morgan Kaufmann.

Forrest, S. (1993). "Genetic Algorithms - Principles of Natural-Selection Applied to Computation." Science

261(5123): 872-878.

Fox, D. G., L. 0. Tedeschi, T. P. Tylutki, J. B. Russell, M. E. Van Amburgh, L. E. Chase, A. N. Pell and T.

R. Overton (2004). "The Cornell Net Carbohydrate and Protein System model for evaluating herd nutrition

and nutrient excretion." Animal Feed Science and Technology 112(1-4): 29-78.

Francone, F. D. and L. M. Deschaine (2004). "Extending the boundaries of design optimization by

integrating fast optimization techniques with machine-code-based, linear genetic programming."

Information Sciences 161(3-4): 99-120.

Freer, M., A. D. Moore and J. R. Donnelly (1997). "GRAZPLAN: decision support systems for Australian

grazing enterprises. II. The animal biology model for feed intake, production and reproduction and the

GrazFeed DSS." Agricultural Systems 54: 77-126.

GenBank (2005). "GenBank statistics: Growth of GenBank." Retrieved 8 March 2005 from

http://www.ncbi.nlm.nih.gov/Genbank/genbankstats.html 

Gentleman, R. C., V. J. Carey, D. M. Bates, B. Bolstad, M. Dettling, S. Dudoit, B. Ellis, L. Gautier, Y. C.

Ge, J. Gentry, K. Hornik, T. Hothorn, W. Huber, S. lacus, R. Irizarry, F. Leisch, C. Li, M. Maechler, A. J.

Rossini, G. Sawitzki, C. Smith, G. Smyth, L. Tierney, J. Y. H. Yang and J. H. Zhang (2004).

"Bioconductor: open software development for computational biology and bioinformatics." Genome

Biology 5(10).

George, D. G., W. C. Barker and L. T. Hunt (1990). "Mutation data matrix and its uses." Methods Enzymol 

183: 333-51.

Gibson, M. A. and E. Mjolness (2001). Modeling the activity of single genes. Computational Modeling of 

Genetic and Biochemical Networks. J. M. Bower and H. Bolouri. Massachusetts, MIT Press: 3-48.

Gibson, M. A. and J. Bruck (2001). A Probabilistic Model of a Prokaryotic Gene and its Regulation.

Computational Modeling of Genetic and Biochemical Networks. J. M. Bower and H. Bolouri.

Massachusetts, MIT Press: 49-71.

Gilani, F. (2004). "C# In-Depth: Harness the Features of C# to Power Your Scientific Computing

Projects." MSDN Magazine. 19(3).

Gillespie, D. T. (1977). "Exact stochastic simulation of coupled chemical reactions." J. Phys. Chem. 

81(25): 2340-2361.

126



References

Gillespie, D. T. (2000). "The chemical Langevin equation." J. Chem. Phys. 113(1): 297-306.

Glen, J. J. (1980). "A parametric programming method for beef cattle ration formulation." J. Op. Res. Soc. 

31: 689-698.

Glonek, G. F. V. and P. J. Solomon (2004). "Factorial and time course designs for cDNA microarray

experiments." Biostatistics 5(1): 89-111.

Goldberg, D. E. (1987). Simple genetic algorithms and the minimal, deceptive problem. Genetic

Algorithms and Simulated Annealing. L. Davis. San Mateo, Morgan Kaufmann: 74-88.

Gondro, C. (2002). "Modelagem e implementacao de urn modelo biologico computacional pra estudos

em genetica de populacoes." Department of Genetics, Curitiba, Federal University of Parana.

Gonnet, G. H., M. A. Cohen and S. A. Benner (1992). "Exhaustive matching of the entire protein

sequence database." Science 256(5062): 1443-5.

Griffiths, A. J. F., J. H. Miller, D. T. Suzuki, R. C. Lewontin and W. M. Gelbart (2000). An introduction to

genetic analysis. New York, W. H. Freeman.

Gygi, S. P., Y. Rochon, B. R. Franza and R. Aebersold (1999). "Correlation between protein and mRNA

abundance in yeast." Molecular Cellular Biology 19:1720-1730.

Haefner, J. W. (1996). Modeling Biological Systems: Principles and Applications. New York, Chapman

and Hall.

Hancock, P. J. B. (2000). A comparison of selection mechanisms. Evolutionary Computation 1: Basic

Algorithms and Operators. Bristol, Institute of Physics Publishing: 212-227.

Hatzimanikatis, V. and K. H. Lee (1999). "Dynamical analysis of gene networks requires both mRNA and

protein expression information." Metabolic Engineering 1:E1-E7.

Hegde, P., R. Qi, K. Abernathy, C. Gay, S. Dharap, R. Gaspard, J. Earle-Hughes, E. Snesrud, N. Lee and

J. Quackenbush (2000). "A Concise Guide to cDNA Microarray Analysis – II." Biotechniques 29(3): 548-

562.

Henikoff, S. and J. G. Henikoff (1992). "Amino-Acid Substitution Matrices from Protein Blocks."

Proceedings of the National Academy of Sciences of the United States of America 89(22): 10915-10919.

Heywood, M. 1. and A. N. Zincir-Heywood (2000). Page-based linear genetic programming. Systems,

Man, and Cybernetics, 2000 IEEE International Conference, IEEE Press.

127



References

Hirosawa, M., Y. Totoki, M. Hoshida and M. Ishikawa (1995). "Comprehensive study on iterative

algorithms of multiple sequence alignment." Comput. Appl. Biosci. 11: 13-18.

Hofestadt, R. and S. Thelen (1998). "Quantitative modeling of biochemical networks." In Silico Biol 1(1):

39-53.

Holland, J. H. (1975). Adaptation in natural and artificial systems. Ann Arbor, University of Michigan

Press.

Hucka M., A. Finney, H. M. Sauro, H. Bolouri, J. C. Doyle, H. Kitano, A. P. Arkin, B. J. Bornstein, D. Bray,

A. Cornish-Bowden, A. A. Cuellar, S. Dronov, E. D. Gilles, M. Ginkel, V. Gor, I. I. Goryanin, W. J. Hedley,

T. C. Hodgman, J.-H. Hofmeyr, P. J. Hunter, N. S. Juty, J. L. Kasberger, A. Kremling, U. Kummer, N. Le

Novere, L. M. Loew, D. Lucio, P. Mendes, E. Minch, E. D. Mjolsness, Y. Nakayama, M. R. Nelson, P. F.

Nielsen, T. Sakurada, J. C. Schaff, B. E. Shapiro, T. S. Shimizu, H. D. Spence, J. Stelling, K. Takahashi,

M. Tomita, J. Wagner, J. Wang (2003). "The Systems Biology Markup Language (SBML): A medium for

representation and exchange of biochemical network models." Bioinformatics 19(4):524-531.

Hucka, M., A. Finney, B.J. Bornstein, S.M. Keating, B.E. Shapiro, J. Matthews, B.L. Kovitz, M.J. Schilstra,

A. Funahashi, J.C. Doyle, H. Kitano (2004)."Evolving a lingua franca and associated software

infrastructure for Computational Systems Biology: The Systems Biology Markup Language (SBML)

Project." Systems Biology 1(1):41-53.

Huerta, M., G. Downing, F. Haseltine, B. Seto and Y. Liu (2000). "NIH working definition of Bioinformatics

and Computational Biology." Retrieved 8 march 2005 from http://www.bisti.nih.gov/CompuBioDef.pdf 

Ideker T., V. Thorsson, J. A. Ranish, R. Christmas, J. Buhler, J. K. Eng, R. Bumgarner, D. R. Goodlett, R.

Aebersold and L. Hood (2001). "Integrated genomic and proteomic analyses of a systematically perturbed

metabolic network." Science 292(5518): 929-934.

INRA (1989). Ruminant Nutrition. Recommended Allowances and Feed Tables. Montrouge, Institut

National de la Recherche Agronomique.

Jacob, F., D. Perrin, C. Sanchez, and J. Monod. (1960). "L'operon: groupe de gene a expression par un

operatour. " C. R. Acad. Sci. 250:1727-1729.

Jiang, D. X., C. Tang and A. D. Zhang (2004). "Cluster analysis for gene expression data: A survey." leee

Transactions on Knowledge and Data Engineering 16(11): 1370-1386.

Jones, D. T., W. R. Taylor and J. M. Thornton (1992). "The rapid generation of mutation data matrices

from protein sequences." Comput Appl Biosci 8(3): 275-82.

128



References

Jones, D. S. and B. D. Sleeman (2003). Differential Equations and Mathematical Biology. Boca Raton,

Chapman & Hall/CRC.

Just, W. (2001). "Computational complexity of multiple sequence alignment with SP-Score." Journal of

Computational Biology 8(6): 615-623.

Kacser, H. (1987). On parts and wholes in metabolism. The Organization of cell metabolism. G.R. Welch

and J.S. Clegg. New York, Plenum Press: 327-337.

Kanehisa, M. and S. Goto (2000). "KEGG: kyoto encyclopedia of genes and genomes." Nucleic Acids 

Res 28(1): 27-30.

Kanehisa, M., S. Goto, S. Kawashima and A. Nakaya (2002). "The KEGG databases at GenomeNet."

Nucleic Acids Res 30(1): 42-6.

Kantschik, W. and W. Banzhaf (2001). "Linear-tree GP and its comparison with other GP structures."

Genetic Programming, Proceedings 2038: 302-312.

Karplus, K. and B. Hu (2001). "Evaluation of protein multiple alignments by SAM-T99 using the BAIiBASE

multiple alignment test set." Bioinformatics 17(8): 713-20.

Kauffman, S. A. (1993). The origins of order. New York, Oxford University Press.

Keith, M. J. and M. C. Martin (1994). Genetic Programming in C++: Implementation Issues. Advances in

Genetic Programming. J. Kenneth and E. Kinnear. Cambridge, MIT Press: 285-310.

Kell, D. B. (2004). "Metabolomics and systems biology: making sense of the soup." Curr Opin Microbiol 

7(3): 296-307.

Kerr, M. K., M. Martin and G. A. Churchill (2000). "Analysis of variance for gene expression microarray

data." Journal of Computational Biology 7(6): 819-837.

Kerr, M. K. and G. A. Churchill (2001). " Experimental design for gene expression microarrays."

Biostatistics 2: 183-201.

Kerr, M. K., C. A. Afshari, L. Bennett, P. Bushel, J. Martinez, N. J. Walker and G. A. Churchill (2002).

"Statistical analysis of a gene expression microarray experiment with replication." Statistica Sinica 12(1):

203-217.

Kerr, M. K. (2003). "Experimental design to make the most of microarray studies." Methods Mol Biol. 224:

137-147.

129



References

Kim, J., S. Pramanik and M. J. Chung (1994). "Multiple sequence alignment using simulated annealing."

Comput Appl Biosci 10(4): 419-426.

Kimura, S., K. Ide, A. Kashihara, M. Kano, M. Hatakeyama, R. Masui, N. Nakagawa, S. Yokoyama, S.

Kuramitsu and A. Konagaya (2005). "Inference of S-system models of genetic networks using a

cooperative coevolutionary algorithm." Bioinformatics 21(7): 1154-63.

Kinghorn, B. P. (1998). Managing genetic change under operational and cost constraints. 36th National

Congress of the South African Association of Animal Science, University of Stellenbosch.

Kinghorn, B. P. and R. K. Shepherd (1999). "Mate selection for the tactical implementation of breeding

programs." Assoc. Advmt. Anim. Breed. Genet. 13: 130-133.

Kinghorn, B. P. (2000). The tactical approach to implementing breeding programs. Animal Breeding - use 

of new technologies. B. P. Kinghorn, J. H. J. Van der Werf and M. Ryan. Sydney, University of Sydney

Veterinary Post Graduate Foundation.

Kitano, H. (2000). "Perspectives on systems biology." New Generation Computing 18(3): 199-216.

Kitano, H., Ed. (2001 a). Foundations of Systems Biology. Cambridge, MIT Press.

Kitano, H. (2001 b). Systems Biology: toward system-level understanding of biological systems.

Foundations of Systems Biology. H. Kitano. Cambridge, MIT Press: 1-36.

Kitano, H. (2002a). "Computational systems biology." Nature 420(6912): 206-210.

Kitano, H. (2002b). "Systems biology: A brief overview." Science 295(5560): 1662-1664.

Knudsen, S. (2002). A Biologist's Guide to Analysis of DNA Microarray Data. New York, John Wiley &

Sons.

Koza, J. R. (1989). Hierarchical genetic algorithms operating on populations of computer programs.

Proceedings of the 11th International Joint Conference on Artificial Intelligence, San Mateo, Morgan

Kaufmann.

Koza, J. R. (1992). Genetic Programming: On the Programming of Computers by Means of Natural 

Selection. Cambridge, MIT Press.

Koza, J. R. (1994). Genetic Programming II: Automatic Discovery of Reusable Programs. Cambridge,

MIT Press.

130



References

Koza, J. R., F. H. Bennett III, D. Andre and M. A. Keane (1999). Genetic Programming Ill: Darwinian 

Invention and Problem Solving. San Francisco, Morgan Kaufmann.

Koza, J. R., M. A. Keane, M. J. Streeter, W. Mydlowec, J. Yu and G. Lanza (2003). Genetic Programming

IV: Routine Human-Competitive Machine Intelligence. Boston, Kluwer Academic Publishers.

Langdon, W. B. and R. Poli (2002). Foundations of genetic programming. Heidelberg, Springer-Verlag.

Lanza, G., W. Mydlowec and J. R. Koza (2000). Automatic creation of a genetic network for the lac

operon from observed data by means of genetic programming. First International Conference on Systems

Biology (ICSB). Tokyo, Japan. Society for Bioinformatics.

Leung, Y. F. and D. Cavalieri (2003). "Fundamentals of cDNA microarray data analysis." Trends in 

Genetics 19(11): 649-659.

Liang, S., S. Fuhrman and R. Somogyi (1998). "Reveal, a general reverse engineering algorithm for

inference of genetic network architectures." Pac Svmp Biocomput: 18-29.

Lipman, D. J., S. F. Altshul and J. D. Kececioglu (1989). "A tool for multiple sequence alignment." Proc.

Natl. Acad. Sci. 86: 4412-4415.

Lipshutz, R. J., S. P. A. Fodor, T. R. Gingeras and D. J. Lockhart (1999). "High density synthetic

oligonucleotide arrays." Nature Genetics 21: 20-24.

Liu, D. K., B. Yao, B. Fayz, D. D. Womble and S. A. Krawetz (2004). "Comparative evaluation of

microarray analysis software." Molecular Biotechnology 26(3): 225-232.

Lockhart, D. J., H. Dong, M. C. Byrne, M. T. Follettie, M. V. Gallo, M. S. Chee, M. Mittmann, C. Wang, M.

Kobayashi, H. Horton and E. L. Brown (1996). "Expression monitoring by hybridization to high-density

oligonucleotide arrays." Nat Biotechnol 14(13): 1675-80.

Mahaffy, J. M. and E. S. Savev (1999). "Stability analysis for a mathematical model of the lac operon."

Quarterly of Applied Mathematics 57(1): 37-53.

Maki, Y., D. Tominaga, M. Okamoto, S. Watanabe and Y. Eguchi (2001). "Development of a system for

the inference of large scale genetic networks." Pac Symp Biocomput: 446-58.

Martinez, A. G., J. J. R. Alcaide and D. E. M. Ruiz (1998). "Optimization of the bovine fattening in grazing

in the Pampas region (Argentina) using linear programming." Invest. Agrar. Prod. Sanid. Anim. 13: 99-

117.

131



References

Mayer, D.G., J. A. Belward, K. Burrage (1996). "Use of advanced techniques to optimize a multi-

dimensional dairy model." Agricultural Systems 50: 239-253.

Mayer, D. G., J. A. Belward and K. Burrage (1998). "Tabu search not an optimal choice for models of

agricultural systems." Agricultural Systems 58(2): 243-251.

Mayer, D. G., J. A. Belward, H. Widell and K. Burrage (1999). "Survival of the fittest--genetic algorithms

versus evolution strategies in the optimization of systems models." Agricultural Systems 60(2): 113-122.

Mayer, D. G., J. A. Belward and K. Burrage (2001). "Robust parameter settings of evolutionary algorithms

for the optimisation of agricultural systems models." Agricultural Systems 69(3): 199-213.

Mayer, D. G., B. P. Kinghorn and A. A. Archer (2005). "Differential evolution - an easy and efficient

evolutionary algorithm for model optimisation." Agricultural Systems 83(3): 315-328.

McAdams, H. H. and A. Arkin (1998). "Simulation of prokaryotic genetic circuits." Ann. Rev. Biophys. 

Biomol. Struct. 27: 199-224.

McClure, M. A., T. K. Vasi and W. M. Fitch (1994). "Comparative analysis of multiple protein sequence

alignment methods." Molecular Biology and Evolution 11(4): 571-592.

McDonald, P., R. A. Edwards, J. F. D. Greenhalgh and C. A. Morgan (2002). Animal Nutrition. Edinburgh,

Pearson Education.

Mendes, P. (1993). "Gepasi: a software package for modeling the dynamics, steady states and control of

biochemical and other systems." Comput. Appl. Biosci. 9: 563-571.

Meszaros, S. A. (1999). Evolutionary computation for complex systems in animal breeding: Putting theory

into practice. The Application of Artificial Intelligence, Optimisation and Bayesian methods in Agriculture.

H. A. Abbass and M. Towsey. Brisbane, QUT Publications: 101-106.

Michalewicz, T. and D. B. Fogel (2000). How to solve it: modern heuristics. Heidelberg, Springer-Verlag.

Mitchell, M. and C. E. Taylor (1999). "Evolutionary computation: An overview." Annual Review of Ecology

and Systematics 30: 593-616.

Moles, C. G., P. Mendes and J. R. Banga (2003). "Parameter estimation in biochemical pathways: A

comparison of global optimization methods." Genome Research 13(11): 2467-2474.

Mount, W. D. (2004). Bioinformatics: Sequence and Genome Analysis. New York, Cold Spring Harbor

Laboratory Press.

132



References

Nadon, R. and J. Shoemaker (2002). "Statistical issues with microarrays: processing and analysis."
Trends in Genetics 18(5): 265-271.

Needleman, S. B. and C. D. Wunsch (1970). "A general method applicable to the search for similarities in

the amino acid sequence of two proteins." J Mol Biol 48(3): 443-53.

Nelder, J. A. and R. Mead (1965). "A simplex method for function minimisation." The Computer Journal 7:

308-313.

Nguyen, H. D., I. Yoshihara, K. Yamamori and M. Yasunaga (2002). "Aligning multiple protein sequences

by parallel hybrid genetic algorithm." Genome Inform Ser Workshop Genome Inform 13: 123-32.

Nicholson, C. F., R. W. Blake, C. I. Urbina, D. R. Lee, D. G. Fox and P. J. Van Soest (1994). "Economic

comparison of nutritional management strategies for Venezuelan dual-purpose cattle systems." J Anim 

Sci 72(7): 1680-96.

Nordin, J. P. (1994).  A Compiling Genetic Programming System that Directly Manipulates the Machine

code. Cambridge, MIT Press.

Notredame, C. and D. G. Higgins (1996). "SAGA: Sequence alignment by genetic algorithm." Nucleic

Acids Research 24(8): 1515-1524.

Notredame, C., L. Holm and D. G. Higgins (1998). "COFFEE: An objective function for multiple sequence

alignments." Bioinformatics 14(5): 407-422.

Notredame, C., D. G. Higgins and J. Heringa (2000). "T-Coffee: A novel method for fast and accurate

multiple sequence alignment." Journal of Molecular Biology 302(1): 205-217.

Notredame, C. (2002). "Recent progresses in multiple sequence alignment: a survey."

Pharmacogenomics 3(1): 131-144.

NRC (2000). Nutrient Requirements of Beef Cattle. Washington, National Academy Press.

Oien, K. A. (2003). "Serial analysis of gene expression." Methods Mol Biol 226: 271-84.

Palshikar, G. K. (2001). "Simulated annealing: A heuristic optimization algorithm." Dr Dobbs Journal 

26(9): 121-124.

Pan, W. (2002). "A comparative review of statistical methods for discovering differentially expressed

genes in replicated microarray experiments." Bioinformatics 18(4): 546-554.

133



References

Pettinen, A., T. Aho, 0. P. Smolander, T. Manninen, A. Saarinen, K. L. Taattola, 0. Yli-Harja and M. L.

Linne (2005). "Simulation tools for biochemical networks: evaluation of performance and usability."

Bioinformatics 21(3): 357-63.

Porto, V. M. (2000). Evolutionary Programming. Evolutionary Computation 1: Basic Algorithms and 

Operators. Bristol, Institute of Physics Publishing: 89-102.

Powell, J. (2000). "SAGE. The serial analysis of gene expression." Methods Mol Biol 99: 297-319

Quackenbush, J. (2002). "Microarray data normalization and transformation." Nature Genetics 32: 496-

501.

Riaz, T., Y. Wang and K.-B. Li (2004). Multiple sequence alignment using tabu search. Second

conference on Asia-Pacific bioinformatics, Dunedin, New Zealand, Australian Computer Society.

Ridley, M. (2003). Evolution. Oxford, Blackwell Publishers.

Ronen, M., R. Rosenberg, B. I. Shraiman and U. Alon (2002). "Assigning numbers to the arrows:

Parameterizing a gene regulation network by using accurate expression kinetics." Proceedings of the

National Academy of Sciences of the United States of America 99(16): 10555-10560.

Roos, D. S. (2001). "Bioinformatics--trying to swim in a sea of data." Science 291(5507): 1260-1.

Rudolph, G. (2000). Evolution Strategies. Evolutionary Computation 1: Basic Algorithms and Operators.

Bristol, Institute of Physics Publishing: 81-88.

Saitou, N. and M. Nei (1987). "The neighbor-joining method: a new method for reconstructing

phylogenetic trees." Mol Biol Evol 4(4): 406-25.

Sander, C. and R. Schneider (1991). "Database of homology-derived protein structures and the structural

meaning of sequence alignment." Proteins 9(1): 56-68.

Sands, P. J. and E. 0. Voit (1996). "Flux-based estimation of parameters in S-systems." Ecological 

Modelling 93(1-3): 75-88.

Sauro, H. M. (2000). Jarnac: a system for interactive metabolic analysis. Animating the cellular map:

proceedings of the 9th international meeting on Biothermokinetics, Stellenbosch University Press.

Sauro, H. M. (2001). JDesigner: a simple biochemical network designer. Technical Report.

Savageau, M. A. (1969a). "Biochemical system analysis, I. Some mathematical properties of the rate law

for the component enzymatic reactions." J Theor Biol 25: 365-369.

134



References

Savageau, M. A. (1969b). "Biochemical system analysis, II. The steadystate solutions for an n-pool

system using a power law approximation." J Theor Biol 25: 370-379.

Savageau, M. A. (1996). Power-law formalism: a canonical nonlinear approach to modeling and analysis.

1st World Congress of Nonlinear Analysts, Berlin, Walter de Gruyter.

SCA (1990). Feeding Standards for Australian Livestock: Ruminants. Melbourne, CSIRO.

Schena, M., D. Shalon, R. W. Davis and P. 0. Brown (1995). "Quantitative Monitoring of Gene-

Expression Patterns with a Complementary-DNA Microarray." Science 270(5235): 467-470.

Schena, M., Ed. (1999). DNA Microarrays. Oxford, Oxford University Press.

Schena, M. (2002). Microarray Analysis. New York, John Wiley & Sons.

Schuchhardt, J., D. Beule, A. Malik, E. Wolski, H. Eickhoff, H. Lehrach and H. Herzel (2000).

"Normalization strategies for cDNA microarrays." Nucleic Acids Res 28(10): E47.

Schulze, A. and J. Downward (2001). "Navigating gene expression using microarrays - a technology

review." Nature Cell Biology 3(8): E190-E195.

Schwefel, H. P. and G. Rudolph (1995). Contemporary Evolution Strategies. Advances in Artificial Life. 

Third International Conference on Artificial Life. F. Moran, A. Moreno, J. J. Merelo and P. Chacon. Berlin,

Springer-Verlag. 929: 893-907.

Schwefel, H. P. (2000). Advantages (and disadvantages) of evolutionary computation over other

approaches. Evolutionary Computation 1: Basic Algorithms and Operators. Bristol, Institute of Physics

Publishing: 20-22.

Schewefel, H. P., I. Wegener and K. Weinert, Eds. (2003). Advances in computational intelligence. Berlin,

Springer-Verlag.

Schuchhardt, J., D. Beule, A. Malik, E. Wolski, H. Eickhoff, H. Lehrach and H. Herzel (2000).

"Normalization strategies for cDNA microarrays." Nucleic Acids Res 28(10): E47.

Sherlock, G. (2000). "Analysis of large-scale gene expression data." Current Opinion in Immunology

12(2): 201-205.

Shmulevich, I., E. R. Dougherty, S. Kim and W. Zhang (2002). "Probabilistic Boolean networks: a rule-

based uncertainty model for gene regulatory networks." Bioinformatics 18(2): 261-274.

135



References

Shyu, C., L. Sheneman and J. A. Foster (2004). Multiple Sequence Alignment with Evolutionary

Computation. Genetic Programming and Evolvable Machines.

Simon, R., M. D. Radmacher and K. Dobbin (2002). "Design of studies using DNA microarrays." Genetic

Epidemiology 23(1): 21-36.

Simon, R. M. and K. Dobbin (2003). "Experimental design of DNA microarray experiments."

Biotechniques 34: S16-S21.

Slonim, D. K. (2002). "From patterns to pathways: gene expression data analysis comes of age." Nature 

Genetics 32: 502-508.

Smith, R. E. (2000). Learning classifier systems. Evolutionary Computation 1: Basic Algorithms and 

Operators. Bristol, Institute of Physics Publishing: 114-123.

Smith, T. F. and M. S. Waterman (1981). "Identification of common molecular subsequences." J Mol Biol 

147(1): 195-197.

Smyth, G. K. and T. Speed (2003). "Normalization of cDNA microarray data." Methods 31(4): 265-273.

Somogyi, R., S. Fuhrman and X. Wen (2001). Genetic network inference in computational models and

applications to large-scale gene expression data. Computational Modeling of Genetic and Biochemical

Networks. J. M. Bower and H. Bolouri. Massachusetts, MIT Press: 119-157.

Southern, E., K. Mir and M. Shchepinov (1999). "Molecular interactions on microarrays." Nature Genetics 

21: 5-9.

Stearns, S. C. (2002). "Progress on canalization." Proc Natl Acad Sci U S A 99(16): 10299-10230.

Stelling, J., S. Klamt, K. Bettenbrock, S. Schuster and E. D. Gilles (2002). "Metabolic network structure

determines key aspects of functionality and regulation." Nature 420(6912): 190-193.

Stewart, G. W. (1998). Matrix algorithms. Philadelphia, Society for Industrial and Applied Mathematics.

Storn, R. and K. Price (1997). "Differential evolution - A simple and efficient heuristic for global

optimization over continuous spaces." Journal of Global Optimization 11(4): 341-359.

Stoye, J., S. W. Perrey and A. W. M. Dress (1997). "Improving the divide-and-conquer approach to sum-

of-pairs multiple sequence alignment." Applied Mathematics Letters 10(2): 67-73.

136



References

Streichert, F., H. Planatscher, C. Spieth, H. Ulmer and A. Zell (2004). "Comparing genetic programming

and evolution strategies on inferring gene regulatory networks." Genetic and Evolutionary Computation -

Gecco 2004, Pt 1, Proceedings 3102: 471-480.

Taylor, W. R. (1987). "Multiple Sequence Alignment by a Pairwise Algorithm." Comput Appl Biosci 3(2):

81-87.

Tedeschi, L. 0., D. G. Fox, L. E. Chase and S. J. Wang (2000). "Whole-herd optimization with the Cornell

Net Carbohydrate and Protein System. I. Predicting feed biological values for diet optimization with linear

programming." J Dairy Sci 83(9): 2139-48.

Tedeschi, L. 0., D. G. Fox, R. D. Sainz, L. G. Barioni, S. R. Medeiros and C. Boin (2005). "Mathematical

models in ruminant nutrition." Sci. Agric. 62(1): 76-91.

The Chipping Forecast (1999). Supplement to Nature Genetics, 21.

The Chipping Forecast II (2002). Supplement to Nature Genetics, 32.

Thomas, R., S. Mehrotra, E. T. Papoutsakis and V. Hatzimanikatis (2004). "A model-based optimization

framework for the inference on gene regulatory networks from DNA array data." Bioinformatics 20(17):

3221-35.

Thompson, J. D., D. G. Higgins and T. J. Gibson (1994). "Clustal-W - Improving the Sensitivity of

Progressive Multiple Sequence Alignment through Sequence Weighting, Position-Specific Gap Penalties

and Weight Matrix Choice." Nucleic Acids Research 22(22): 4673-4680.

Thompson, J. D., F. Plewniak and 0. Poch (1999a). "A comprehensive comparison of multiple sequence

alignment programs." Nucleic Acids Research 27(13): 2682-2690.

Thompson, J. D., F. Plewniak and 0. Poch (1999b). "BAIiBASE: a benchmark alignment database for the

evaluation of multiple alignment programs." Bioinformatics 15(1): 87-8.

Thomsen, R. and W. Boomsma (2004). "Multiple sequence alignment using SAGA: Investigating the

effects of operator scheduling, population seeding, and crossover operators." Applications of Evolutionary

Computing 3005: 113-122.

Thomsen, R., G. B. Fogel and T. Krink (2002). A Clustal Alignment Improver using Evolutionary

Algorithms. Fourth Congress on Evolutionary Computation (CEC-2002).

Thornton, J. (2003). Foreword. Bioinformatics: genes, proteins and computers. C. Orengo, D. Jones and

J. Thornton. Oxford, BIOS Scientific: xiii-xiv.

137



References

Tominaga, D. and M. Okamoto (1999). "Nonlinear numerical optimization technique based on genetic

algorithm for inverse problem." Kaqaku Koaaku Ronbunshu 25(2): 220-225.

Tomita, M., K. Hashimoto, K. Takahashi, T. S. Shimizu, Y. Matsuzaki, F. Miyoshi, K. Saito, S. Tanida, K.

Yugi, J. C. Venter and C. A. Hutchison (1999). "E-CELL: software environment for whole-cell simulation."

Bioinformatics 15(1): 72-84.

Tomita, M. (2001). "Whole-cell simulation: a grand challenge of the 21st century." Trends in 

Biotechnology 19(6): 205-210.

Tsai, K. Y. and F. S. Wang (2005). "Evolutionary optimization with data collocation for reverse

engineering of biological networks." Bioinformatics 21(7): 1180-8.

Utech, J., J. Branke, H. Schmeck and P. Eades (1998). An evolutionary algorithm for drawing directed 

graphs. International Conference on Imaging Science, Systems, and Technology (CISST'98): 154-160.

Van de Haar, M. J. and J. R. Black (1991). "Ration formulation using linear programming." Vet Clin North 

Am Food Anim Pract 7(2): 541-56.

van Someren, E. P., L. F. A. Wessels, E. Backer and M. J. T. Reinders (2002). "Genetic network

modeling." Pharmacoqenomics 3(4): 507-525.

Van Veldhuizen, D. A. and G. B. Lamont (2000). "Multiobjective evolutionary algorithms: analyzing the

state-of-the-art." Evol Comput 8(2): 125-47.

Vera, J., P. de Atauri, M. Cascante and N. V. Torres (2003). "Multicriteria optimization of biochemical

systems by linear programming: Application to production of ethanol by Saccharomyces cerevisiae."

Biotechnology and Bioengineering 83(3): 335-343.

.Vinciotti, V., R. Khanin, D. D'Alimonte, X. Liu, N. Cattini, G. Hotchkiss, G. Bucca, 0. de Jesus, J.

Rasaiyaah, C. P. Smith, P. Kellam and E. Wit (2005). "An experimental evaluation of a loop versus a

reference design for two-channel microarrays." Bioinformatics 21(4): 492-501.

Vlachos, C., R. Gregory, R. C. Paton, J. R. Saunders and Q. H. Wu (2004). "Individual-based modelling

of bacterial ecologies and evolution." Comparative and Functional Genomics 5(1): 100-104.

Velculescu, V. E., L. Zhang, B. Vogelstein and K. W. Kinzler (1995). "Serial analysis of gene expression."

Science 270(5235): 484-7.

Voit, E. 0. (1991). Canonical Nonlinear Modeling: S-System Approach to understanding Complexity. New

York, Van Nostrand Reinhold.

138



References

Voit, E. 0. (2000). Computational Analysis of Biochemical Systems: A Practical Guide for Biochemists

and Molecular Biologists. Cambridge, Cambridge University Press.

Voit, E. 0. and T. Radivoyevitch (2000). "Biochemical systems analysis of genome-wide expression

data." Bioinformatics 16(11): 1023-1037.

von Dassow, G., E. Meir, E. M. Munro and G. M. Odell (2000). "The segment polarity network is a robust

developmental module." Nature 406(6792): 188-92.

Wallace, I. M., 0. O'Sullivan and D. G. Higgins (2005). "Evaluation of iterative alignment algorithms for

multiple alignment." Bioinformatics 21(8): 1408-14.

Wang, S. J., D. G. Fox, D. J. Cherney, L. E. Chase and L. 0. Tedeschi (2000a). "Whole-herd optimization

with the Cornell Net Carbohydrate and Protein System. II. Allocating homegrown feeds across the herd

for optimum nutrient use." J Dairy Sci 83(9): 2149-59.

Wang, S. J., D. G. Fox, D. J. Cherney, L. E. Chase and L. 0. Tedeschi (2000b). "Whole-herd optimization

with the Cornell Net Carbohydrate and Protein System. III. Application of an optimization model to

evaluate alternatives to reduce nitrogen and phosphorus mass balance." J Dairy Sci 83(9): 2160-9.

Wessels, L. F., E. P. van Someren and M. J. Reinders (2001). "A comparison of genetic network models."

Pac Symp Biocomput: 508-19.

Whitley, D. (2001). "An overview of evolutionary algorithms: practical issues and common pitfalls."

Information and Software Technology 43(14): 817-831.

Wiechert, W. (2002). "Modeling and simulation: tools for metabolic engineering." Journal of Biotechnology

94(1): 37-63.

Wierling, C. K., M. Steinfath, T. Elge, S. Schulze-Kremer, P. Aanstad, M. Clark, H. Lehrach and R. Herwig

(2002). "Simulation of DNA array hybridization experiments and evaluation of critical parameters during

subsequent image and data analysis." Bmc Bioinformatics 3: -.

Wilson, S. W. (1994). "ZCS: a zeroth level classifier system." Evolutionary Computation 2: 1-18.

Wit, E., A. Nobile and R. Khanin (2005). "Near-optimal designs for dual channel microarray studies." Appl. 

Statist – in press. 

Wolkenhauer, 0. (2001). "Systems biology: the reincarnation of systems theory applied in biology?"

Briefings in Bioinformatics. 2(3): 258-70.

139



References

Wolpert, D. H. and W. G. Macready (1996). No free lunch theorems for search. Technical Report SFI-TR-

95-02-010, Santa Fe Institute.

Wu, C. C., H. C. Huang, H. F. Juan and S. T. Chen (2004). "GeneNetwork: an interactive tool for

reconstruction of genetic networks using microarray data." Bioinformatics 20(18): 3691-3.

Yang, X. (2003). Optimal design of single factor cDNA microarray experiments and mixed models for

gene expression data. Department of Statistics. Blacksburg, Virginia Polytechnic Institute and State

University.

Yamamoto, M., T. Wakatsuki, A. Hada and A. Ryo (2001). "Use of serial analysis of gene expression

(SAGE) technology." J Immunol Methods 250(1-2): 45-66.

Yang, Y. H., M. J. Buckley and T. P. Speed (2001). "Analysis of cDNA microarray images." Brief

Bloinform 2(4): 341-9.

Yang, Y. H., M. J. Buckley, S. Dudoit and T. P. Speed (2002). "Comparison of methods for image

analysis on cDNA microarray data." Journal of Computational and Graphical Statistics 11(1): 108-136.

Yang, Y. H., S. Dudoit, P. Luu, D. M. Lin, V. Peng, J. Ngai and T. P. Speed (2002). "Normalization for

cDNA microarray data: a robust composite method addressing single and multiple slide systematic

variation." Nucleic Acids Research 30(4).

Yang, Y. H. and T. Speed (2002). "Design issues for cDNA microarray experiments." Nature Reviews

Genetics 3(8): 579-588.

Yildirim, N. and M. C. Mackey (2003). "Feedback regulation in the lactose operon: A mathematical

modeling study and comparison with experimental data." Biophysical Journal 84(5): 2841-2851.

Yildirim, N., M. Santillan, D. Horike and M. C. Mackey (2004). "Dynamics and bistability in a reduced

model of the lac operon." Chaos 14(2): 279-292.

Zhang, C. and A. K. Wong (1997). "A genetic algorithm for multiple molecular sequence alignment."

Comput Appl Biosci. 13(6): 565-581.

Zhang, F. and W. B. Roush (2002). "Multiple-objective (goal) programming model for feed formulation: an

example for reducing nutrient variation." Poult Sci 81(2): 182-92.

Zitzler, E., K. Deb and L. Thiele (2000). "Comparison of multiobjective evolutionary algorithms: empirical

results." Evol Comput 8(2): 173-95.

140


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24

