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Gene prediction

• Also called gene finding

• Process of identifying regions of genomic DNA that 
encode genes

• Includes protein-coding genes and RNA genes

• May also include other functional elements
• This will be discussed more in the next lecture

• This area is changing very rapidly



http://bioinformatics.ca/links_directory/category/dna/gene-prediction



Empirical gene finding systems

• Uses similarity or homology to identify genes

• Target genome is searched for evidence of similar 
sequence elements

• Local alignment algorithms look for similarity
• BLAST

• FASTA

• Smith-Waterman



BLAST

• Basic Local Alignment Search Tool

• Many different types of BLAST available

• First published in 1990, Journal of Molecular 
Biology

• Fast algorithm

• Cannot guarantee optimal alignments – like Smith-
Waterman



BLAST

• Input = sequences in FASTA or GenBank format

• Output = HTML, text, XML
• Hits found

• Table showing sequence identifiers for the hits with 
scoring related data

• BLAST is available for free through NCBI

• Commercial programs that include BLAST are also 
available



FASTA

• Originally designed for protein sequence similarity 
searching

• Added DNA:DNA searches

• Takes a given nucleotide sequence and searches a 
sequence database to find matches or similar 
database sequences

• Does a fast search first, followed by Smith-
Waterman optimized search



FASTA

nucleotide sequence 
or 

amino acid sequence



Ab initio methods

• Intrinsic method based on gene content and signal 
detection

• DNA sequence is searched for signals of protein-coding 
genes
• Promoter sequences
• One contiguous open reading frame
• Stop codon

• Complex in higher organisms due to various 
complexities

• Typically use probabilistic models such as Hidden 
Markov Models (HMM)
• GLIMMER, GENSCAN, GenMark



Combined approaches

• Some combine extrinsic and ab initio approaches
• Maker 

• Augustus



When you get your sequence 
data, what do you do with it?
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Sequence data

Assembly

Alignment

Analysis



Sequence Data Analysis



Aligning Sequence  & Detecting a Sequence Variant



http://gmod.org/wiki/Image:GBrowseSAMtoolsReads1.png
http://gmod.org/wiki/Image:GBrowseSAMtoolsReads1.png


Technical Considerations for NGS

• Different technologies 
have different limitations.

Coverage 
depth of 
targeted bases

Sensitivity : 
Coverage 
depth  vs
detection of 
heterozygous 
variants

Per base error 
rate related to 
read position

Sensitivity of 
detection of 
the variants at 
exact per base 
coverage 



Why 30X Coverage?



NGS Quality Score



Galaxy
• http://main.g2.bx.psu.edu/



Wang et al. 2013 Briefings in Bioinformatics



Wang et al. 2013 Briefings in Bioinformatics



http://www.ncbi.nlm.nih.gov/genome/browse/



https://usegalaxy.org/



www.biostars.org



Questions???


