Bioinformatics

Literature and computational study 

Contact

Antoine van Kampen 
Email: a.h.vankampen@amc.uva.nl

Aim 

The main track of the bioinformatics course consists of lectures and computer exercises that teach you the basics of bioinformatics (mainly following the book of Cristianini and Hahn).  To further demonstrate how bioinformatics is used in scientific research we defined a complementary track during which you will perform (a) a literature study for a selected topic and (b) computations related to the topic investigated.  

Literature report

Your literature report should comprise about 3000 words and should be written in English. Ensure that you clearly structure you report and add references in a proper format. For each topic below we indicate one reference publication. It is up to you to do a full literature search and identify and read all other relevant publications.

Computational exercise

For the computational exercise you can use a programming language of choice (e.g., Perl, Matlab, C, Java, Assembler, etc). Write a report that clearly shows your approach to the problem. Include all details. Clearly present the results of your analysis. Add the source code of your program as an appendix to the report.

Example topics for literature study

We selected several topics that you may choose for your literature study and computations. However, you are free to propose another topic but this has to be approved first (please contact Antoine van Kampen). 
Before you start
Inform Antoine van Kampen (a.h.vankampen@amc.uva.nl) about the selected topic as soon as possible and before you start your literature study and computational exercise. You are allowed to work with two persons on a single topic but then you must produce twice the amount of output. You are also allowed to pick a topic from the list below for a literature study, but choose a subject for the computational exercise yourself. A specific topic can only be chosen by 1 or 2 students. An appointment will be made to discuss the subject in more detail. 

Deadline

The literature report and the results of the computational study should be emailed to a.h.vankampen@amc.uva.nl before April 1, 2010
Transcriptome maps

Reference:  
Versteeg R, van Schaik BDC, van Batenburg MF, Roos M, Monajemi R, Caron HN, 

Bussemaker HJ, van Kampen AHC (2003) The Human Transcriptome Map reveals extremes in gene density, intron length, GC content and repeat pattern for domains of highly and weakly expressed genes. Genome Research, 13, 1998-2004.

Description:  
The integration of the human genome sequence with gene expression data revealed 'expression domains' on the genome. These domains are regions with either very low or a very high expression. In your report you should give an overview and discussion of the current knowledge of these domains. For example: How are these domains identified? What do we know about the function of these domains? What bioinformatics approaches and methods were used to study these domains? What possibilities do you see for bioinformatics to further investigate these domains?
Exercise:
Construct you own transcriptome maps for human, mouse and yeast. Download the genomic sequences and integrate this with expression data. Visualize and compare the maps. 
Signals in genomes

Reference: 
Beaudoing E, Freier S, Wyatt JR, Claverie JM, Gautheret D. (2000) Patterns of variant polyadenylation signal usage in human genes. Genome Res., 10(7):1001-10.
Description: 
At the beginning of the human genome project, gene discovery was still a labor intensive and time consuming task. However, the introduction of high-throughput Expressed Sequence Tag (EST) sequencing provided a rapid method for gene discovery. EST sequences are short (100-800 nucleotides) single-pass reads from randomly selected clones from cDNA libraries and EST datasets have been produced in ongoing projects for a wide variety of source tissues and organisms including humans. Several applications such as the identification of SAGE tags and the construction of gene oriented sequence clusters require known EST sequence orientation. Therefore, it is important to have reliable orientation methods. One approach is to use information about the poly-adenylation signal and tail for the identification of sequence orientation. In your report you should give a precise definition of an EST sequence. You also give an overview of (alternative) polyA signals and differences between organisms (if any). You provide a brief overview of approaches that have been taken to determine the orientation of EST sequences.
Exercise:
Download all human EST sequences from the GenBank database and write a program that determines the orientation of these sequences. Make clear how you validate your results.
Genome signature comparison

Reference: 
Campbell A, Mrázek J, Karlin S. (1999) Genome signature comparisons among 
prokaryote, plasmid, and mitochondrial DNA. Proc Natl Acad Sci U S A., 96(16), 9184.
Description: 
Each genome has a characteristic ‘‘signature’’ defined as the ratio between the observed dinucleotide frequencies and the frequencies expected if neighbors were chosen at random (dinucleotide relative abundances). The remarkable fact is that the signature is relatively constant throughout the genome. This observation has been used to identify so-called 'genomic-islands' in prokaryotic genomes (e.g., 12.
MWJ. van Passel et al (2005) Delta-Rho-Web: an application for the detection of anomylous DNA. Bioinformatics, 21(13), 3053). In your report you at least discuss computational approaches to calculate the dinucleotide signatures, the differences that are observed between organisms, computational approaches to identify genomic islands and their function, the correspondence of the dinucleotide signatures with other parameters like GC-content and codon usage.
Exercise:
Select and download a full genomic sequence from a prokaryote and identify pathogenic/genomic islands. For each island try to identify the prokaryotic sequencing from which this island was derived.
Biomarker discovery from microarray data

Reference: 
van 't Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao M, Peterse HL,

van der Kooy K, Marton MJ, Witteveen AT, Schreiber GJ, Kerkhoven RM, Roberts C,

Linsley PS, Bernards R, Friend SH. (2002) Gene expression profiling predicts clinical outcome of breast cancer. Nature, 415(6871), 530.
Description: 
General studies of microarray gene-expression profiling have been undertaken to predict cancer outcome. Knowledge of this gene-expression profile or molecular signature should improve treatment of patients by allowing treatment to be tailored to the severity of the disease.  The standard strategy is to identify a molecular signature (ie, the subset of genes most differentially expressed in patients with different outcomes) in a training set of patients and to estimate the proportion of misclassifications with this signature on an independent validation set of patients. It has become clear that the prognostic value of microarray studies should be considered with caution (e.g., Michiels S, Koscielny S, Hill C. (2005) Prediction of cancer outcome with microarrays: a multiple random validation strategy. Lancet, 365(9458), 488). Your report should provide an overview of different studies that have been performed to identify biomarkers for cancer and other disease. Critically discuss the value of these studies. Compare and contrast the different statistical methods that have been used to the identification of biomarkers from microarray data.
Exercise:
You will be provided with a microarray dataset measured for a specific diseas. Select and apply a classification technique to identify biomarkers for the disease under study.
Bio-ontologies

Reference: 
Rubin DL, Shah NH, Noy NF. (2008) Biomedical ontologies: a functional perspective.

Brief Bioinform., 9(1), 75-90.
Description: 
The information explosion in biology makes it difficult for researchers to stay abreast of current biomedical knowledge and to make sense of the massive amounts of online information. Ontologies -- specifications of the entities, their attributes and relationships among the entities in a domain of discourse -- are increasingly enabling biomedical researchers to accomplish these tasks. In fact, bio-ontologies are beginning to proliferate in step with accruing biological data. The myriad of ontologies being created enables researchers not only to solve some of the problems in handling the data explosion but also introduces new challenges. One of the key difficulties in realizing the full potential of ontologies in biomedical research is the isolation of various communities involved: some workers spend their career developing ontologies and ontology-related tools, while few researchers (biologists and physicians) know how ontologies can accelerate their research. In your report you should give an overview of different ontologies (and vocabularies) and their applications. Clearly define the concept 'ontology' and explain the difference between vocabularies and ontologies. Describe the challenges in developing and using ontologies.
Exercise:
The Resource Description Framework (RDF) and the Web Ontology Language (OWL) provide two standards of the W3C consortium (www.w3.org) to develop ontologies. Select a small biological/biomedical domain and define and implement your own ontology by using Protege (http://protege.stanford.edu/)
Global optimization strategies in genomics

Reference:  
Kirkpatrick S, Gelatt CD Jr, Vecchi MP. (1983) Optimization by Simulated Annealing.

Science, 220(4598), 671.
Description:    
A local or global optimization problem begins with a set of (independent) variables. 

The other essential component of an optimization problem is a single measure of “goodness”, termed the objective function, which depends in some way on the variables. The solution of an optimization problem is a set of allowed values of the variables for which the objective function assumes an “optimal” value. In mathematical terms, optimization usually involves maximizing or minimizing. Problems in all areas of mathematics, applied science, engineering, economics, medicine, statistics and bioinformatics can be posed in terms of optimization. Many important problems in engineering and technology involve finding the highest (maximization) or lowest (minimization) point on a complex surface, one possibly of very high dimension (these two problems are basically the same since an maximization problem can be turned into one of minimization by just multiplying all the heights on the surface that needs to be ascended by -1). What makes the problem of minimization hard is that these surfaces are usually covered with valleys and basins (local minima) that surround the lowest point (global minimum) that one is trying to reach. Global optimization techniques like genetic algorithms and simulated annealing chooses a random move from the neighborhood. If the move is better than its current position then the solution is generally accepted. If the move is worse (i.e. lesser quality) then it still has a chance of being selection. This allows escaping from local extremal points. In your report you should describe the principle of global optimization and discuss several global optimization methods. Also discuss several applications of global optimization in bioinformatics/biology.

Exercise: 
Implement or download software that allows you to do simulated annealing or genetic algorithms for your own optimization problem. Implement an objective function that allows you to do a multiple alignment and compare this alignment to ClustalW.

Text mining in biology
Reference: 
Mons B, Ashburner M, Chichester C, van Mulligen E, Weeber M, den Dunnen J, van

Ommen GJ, Musen M, Cockerill M, Hermjakob H, Mons A, Packer A, Pacheco R, Lewis

S, Berkeley A, Melton W, Barris N, Wales J, Meijssen G, Moeller E, Roes PJ,

Borner K, Bairoch A. (2008) Calling on a million minds for community annotation in WikiProteins. Genome Biol., 9(5), R89
Description: 
In addition to, for example, (student) text books and public biological databases (e.g., GenBank) the scientific literature (PubMed) contains a wealth of data. The information in PubMed abstracts is freely available but it is not structured. Therefore, it is difficult to extract information from these abstracts such that it may be used for different applications (e.g., interpretation of microarray data, reconstruction of biological pathways). In your literature report you should give an overview of text mining approaches that are used in the biomedical domain. Discuss the challenges and their applications.
Exercise:
Download the PubMed abstracts and implement your own program to extract 'triples' from these abstracts. Each triplet should be of the form 'Subject – Predicate – Object'. For example, 'GeneA – Encodes – ProteinA'. Try to build a network from a subset of the derived triplets such that they provide information about a certain topic.
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