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Bioinformatic Database Construction

It is estimated that there are between 30,000 to 140,000 protein-encoding genes in the human genome, yet these account for only about 1.4 percent of the approximately 3,200 Mb of DNA contained therein. The function of the remaining 98.6% of the human genome is not well characterized, although it is known to harbor many repetitive elements, pseudogenes, retroviruses, introns as well as regulatory sequences. The rapidity with which genomes are being sequenced has created a bottleneck in the informational and analytical infrastructure; indeed we are falling far behind in our ability to organize and analyze sequence information. I develop specialized databases and algorithms that could be adapted or expanded in an attempt to organize increasing amounts of coding and non-coding genomic data.

I chose to develop prototype genomic databases using intron sequences (IDB) from multiple species since (i) the presence of introns within protein-encoding genes means that the sequences of many introns have already been determined; (ii) many introns are associated with well documented multi-gene families that can furnish a large pool of related sequences for comparative analysis; and (iii) some intron sequences are apparently conserved among different species and thus may have an uncharacterized functional significance. 

The 2002 edition of IDB contains information on over 150,000 genes and 500,000 introns. It is my plan to extend the structure and content of this database to include 5’ and 3’ UTRs and upstream and downstream regions of protein-encoding genes, other defined sequences such as repeated sequences and RNA genes as well as currently undefined intergenic sequences. 

Origin and Evolution of Splicesomal Introns

The real power of the IDB and similar databases lies not only in their comprehensive non-redundant contents but also in the relative ease by which useful information from a phylogenetic or medical perspective may be located, extracted, and analyzed. Such data is being studied in my laboratory to furnish insights into intron evolution including:

• phylogenic distribution of spliceosomal introns;

• role(s) of introns in genome size reduction streamlining, especially among fungi, insects and model organisms  with compact genomes such as Fugu;

• distribution of introns among protein families;

• correlations in gene intronic burden with gene expression;

• pattern of intron distribution within genes;

• pattern and tempo of intron gain and loss in major phylogenic groups;

• preferential intron gain at "target" or "homing" sites;

• identification of conserved sequences within introns that may function in some regulatory 
  capacity.

The Student

Given that field of bioinformatics is interdisciplinary by definition, students with backgrounds in biology, molecular biology, mathematics, or computer science are welcome to pursue research projects in my laboratory. Students with a programming background have made significant contributions including creation of perl scripts to parse BLAST search results and new algorithms to extract data from numerous online databases. Students in biology have engaged in testing hypotheses surrounding some of the phenomena outlined above. Regardless of their specialization, all students who pass through my laboratory are expected to become familiar with the tools of bioinformatics and their application in the areas of biological database information retrieval, functional domain recognition, gene finding, inference of evolutionary relationships among genes and proteins, and modeling structure from sequence. Student projects do not necessarily involve data generation or computer programming, rather students are encouraged to generate hypotheses and analyze data from various genome and sequencing projects with the objective of producing publication-quality results that address fundamental problems in genome evolution and genetics. 

For further information, please visit my web site at http://fu-gold.furman.edu/schisler/
