BIOKDD01: Workshop on Data Mining in Bioinformatics (with SIGKDD01, Conference) page 1

Determination of RNA Folding Pathway Functional

Intermediates using a Massively Parallel Genetic

Algorithm

Bruce A. Shapiro

Laboratory of Experimental and

Computational Biology

NCI Center for Cancer Research

National Cancer Institute

NCI - Frederick

Building 469, Room 150

Frederick, MD 21702 bshapiro@ncifcrf.gov

David Bengali

Laboratory of Experimental and

Computational Biology

NCI Center for Cancer Research

National Cancer Institute

NCI - Frederick

Building 469, Room 150

Frederick, MD 21702 bengalid@ncifcrf. gov

Wojciech Kasprzak

Intramural Research Support

Program

SAIC Frederick, NCI - Frederick

Building 469, Room 150

Frederick, MD 21702 kasprzak@ncifcrf.gov

ABSTRACT

RNAfolding pathways are proving to be quite important in the determination of RNA function . Studies indicate that RNAma y enter intermediate conformational states that are keyto its functionality. These states mayhave a significant impact on gene expression. It is known that the biologicallyfunctional states of

RNAmolecules maynot correspo nd to their minimumenergy state. Specifically, kinetic barriers mayexist that trap the molecule in a local minimum. In addition, folding often occurs during transcription, and cases exist in which a molecule will undergo transitions between one or more f unctional conformations before reaching its native state. Thus, methods for simulating the folding pathwayof an RNA molecule and locating significant intermediate states are important for the prediction of RNA structure and its associated function.

Age neralizable methodology that utilizes a massivelyparallel

Genetic Algorithm (GA) [2 - 5,7 - 9], that operates on populations of thousands of RNAstructures, has proven successful for determining RNAfunctional intermediates. Some of the features incorporated in the GAare the abilityto simulate the impact on folding pathways of chain elongation, 3´ terminal processing obtained from multiphase computations, and protein stabilization effects. To analyze the data generated byalgorithms such as the

GA, an RNAst ructure analysis workbench, STRUCTURELAB [6] was used. Specifically, Stem Trace [1], an interactive tool for the analysis and visualization of a database of RNAstructure solutions, has proven veryuseful for extracting and interpreting the large amount of information generated bythe GA. Computational results produced bythe application of these methodologies are consistent with those derived from biological experiments and have illuminated some novel phyl ogeneticallyconserved interactions.

Keywords

RN Astructure, folding pathways, massivelyparallel genetic algorithm, RNAstructure prediction, RNAstructure analysis

REFERENCES

[1] Kasprzak, W. and Shapiro, B.A. Stem Trace:an interactive visual tool for comparitive RNAstructure analysis,

Bioinformatics, 15(1):(1999), 16 - 31.

[2] Shapiro, B.A. and Navetta, J.. Amassivelyparallel genetic algorithm for RNA secondar ystructure prediction, J.

Supercomputing. 8 (1994), 195 - 207.

[3] Shapiro, B.A. and Wu, J - C. An annealing mutation operator in the genetic algorithms for RNAfolding. Computer

Applications in the Biosciences, 12 (1996), 171 - 180, 1996.

[4] Shapiro, B.A. and Wu, J - C. Predicting H - type pseudoknots with the massivelyparallel genetic algorithm. Computer

Applications in the Biosciences, 13 (1997), 459 - 471.

[5] Sh apiro, B.A., Wu, J - C D. Bengali and M. J. Potts. The massivelyparallel genetic algorithm for RNAfolding:M IMD implementation and population variation. Bioinformatics,

17(2) (2001), 137 - 148.

[6] Shapiro, B.A. and Kasprzak, W. Structurelab:A heterogeneous bi oinformatics system for RNAstructure analysis. J. Mol. Graphics, 14 (1996), 194 - 205.

[7] Shapiro, B.A., Bengali, D., Kasprzak, W. and Wu, J - C.

Computational insights into RNAfolding pathways:Getting from here to there� in Proceedings of the Atlantic

Sympos ium on Computational Biology and Genome

Information Systems and Technology (March 2001), ACM,

Inc., 10 - 13.

[8] Shapiro, B.A., Bengali, D., Kasprzak, W. and Wu, J - C. RNA folding pathwayfunctional intermediates:Their prediction and analysis. JMB, In Press.

[9] W u, J - C. and Shapiro, B.A. ABoltzmann filter improves the prediction of RNAfolding pathways in a massivelyparallel genetic algorithm. J. Biomolecular Structure & dynamics,

17(3) (1999), 581 - 595.