CSC 570: Bioinformatics Algorithms

Project: Building a new gene predictor and a quality control tool for eukaryotic gene annotation.

Customer: Dr. Anya Goodman, Associate Professor, Depratment of Chemistry.

Summary of the project:

Finding genes in newly sequenced genomes is a critical task for understanding organization, function and diversity of living organisms.  Currently available gene predictors do not work well for accurately predicting genes in complex genomes.  In CHEM/BIO441 students manually annotate novel fruit fly genomes by integrating data from multiple gene predictors, exon-by-exon BLAST searches, and experimental evidence.  The outcome of our annotation is a gene model, which is a set of coordinates in the genomic sequence specifying coding regions of the annotated gene.  We would like to develop a novel gene predictor that would perform tasks currently done by students and generate a gene model based the chosen set of data (combination of computer gene predictions, BLAST, experimental data).  In addition, we need a quality control (QC) tool for evaluation of student annotations and those generated by the new gene predictor. 

Background:

Gene structure:

Eukaryotic genes are discontinous: segment of DNA transcribed into RNA, is subsequently spliced (cut and re-joined) to form mRNA.  mRNA contains coding sequence, flanked by the UnTranslated Regions (UTR) at the beginning (5’UTR) and at the end (3’UTR) of the mRNA.  

Our goal is to define Coding DNA sequence (CDS) in the genomic DNA using a set of coordinates that specify position of start, stop, beginning and end of each coding exon.  

Example of output: 

Coding sequence always starts with ATG and ends with one of the three stop codons (TGA, TAG, TAA).  The exon boundaries have GT just after the last nucleotide of one exon and AG just before the next exon begins. There are occasional exceptions to canonical splice sites: e.g. GC instead of GT.  

Gene is encoded on the top strand:

Gene is on the bottom strand:

Reference Genome:

D. melanogaster serves as a model organism for studying genetics, genome organization and evolution, mechanisms of disease, etc. Its genome was one of the first eukaryotic genomes to be sequenced, and it has been well annotated via the efforts of the fly research community.  We will use these annotations as our reference.  

Note that evolutionary distance between D. mel and D. erecta is simiar to human and bushbaby, while the distance between D. mel and D. mojavensis is similar to humans and reptiles.

We can compare sequence of new genome to the reference genome using BLAST.  For predicting protein coding genes, it is helpful to translate novel DNA into amino acid (protein) sequence and compare this to proteins in D. melanogaster (BLASTX).

Note, BLAST produces local alignment and does not accurately predict exon boundaries.

 Gene names:

Fly genes are identified by a unique ID. All genes have ID that starts with CG followed by a number.  Genes with known function tend to have names and symbols in addition to ID.

Example: Actin 5C, Act5C, CG4027 refer to the same gene.

It is sometimes difficult to say what gene we are trying to annotate. Reference genome may have two genes that are similar to the one we are trying to annotate.  Generally, more similar gene sequence in the same genome location will indicate the gene we want to annotate.

Alternative splicing:

Many genes can produce more than one different mRNA (multiple isoforms) via alternative splicing.  A whole exon may be removed by alternative splicing or may be spliced at an alternative location.  In case of multiple isoforms, our goal is to define each isoform.

Information on genes and isoforms of a well annotated genome of D. melanogaster (our reference) can be found in flybase database ( http://flybase.org/ ). To help extract and visually display key information, Wilson Leung (Wash U) written Gene Record Finder (search is case sensitive;  http://gander.wustl.edu/~wilson/dmelgenerecord/index.html )

Types of evidence for building a gene model: 

Tracks in UCSC Genome Browser

· BLASTX track shows similar sequences in reference genome.

· Gene predictors show predicted exon boundaries.  These tend to find plausible AG and GT sites, but often have the following errors: miss exons, add exons that do not exist, fuse two separate genes, split one gene into two. 

· Experimental evidence: RNA seq experiments show regions of genome that have been observed as RNA (transcribed).  RNA contains UTR, so this track does not accurately tell us where the start and stop are, but helps find exon boundaries for internal coding exons.  Absence of evidence here does not indicate that gene/exon is not transcribed; however, the presence of the transcript can support predicted exon boundary.

Manual exon-by-exon BLAST: ensures that each exon found in D. mel is also found in the new genome and helps find exon boundaries using similarities.  Gene Record Finder provides info for each isoform.  Alternatively, this info can be retrieved from Flybase or Ensembl.  

Final check: protein blast between predicted and reference protein.

Product requirements

New Gene Predictor:

Reconcile multiple tracks of evidence to come up with a gene model.

QC tool:

The QC tool would compare a reference gene product (RNA or protein from reference genome D. melanogaster) with the predicted gene product from a novel genome using a dot plot.   The input can be student annotation (gene name and a set of coordinates) or automated annotation from the new gene predictor.  The reference gene info would be retrieved from the FlyBase (flybase.org)

The key features of the QC dot plot are 

1. display indicating exon boundaries of the reference gene (and predicted?).

2. report of all gaps or shifts at the exon boundaries (while ignoring gaps and shits within the exons).  

3. quality or confidence score for each boundary and for the overall comparison.

