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EECS730: Introduction to Bioinformatics

Lecture 08: Gene finding

aatgcatgcggctatgctaatgcatgcggctatgctaagctgggatccgatgacaatgcatgcggctatgctaatgcatgcggc

tatgcaagctgggatccgatgactatgctaagctgggatccgatgacaatgcatgcggctatgctaatgaatggtcttgggatt

taccttggaatgctaagctgggatccgatgacaatgcatgcggctatgctaatgaatggtcttgggatttaccttggaatatgc

taatgcatgcggctatgctaagctgggatccgatgacaatgcatgcggctatgctaatgcatgcggctatgcaagctgggatcc

gatgactatgctaagctgcggctatgctaatgcatgcggctatgctaagctgggatccgatgacaatgcatgcggctatgctaa

tgcatgcggctatgcaagctgggatcctgcggctatgctaatgaatggtcttgggatttaccttggaatgctaagctgggatcc

gatgacaatgcatgcggctatgctaatgaatggtcttgggatttaccttggaatatgctaatgcatgcggctatgctaagctgg

gaatgcatgcggctatgctaagctgggatccgatgacaatgcatgcggctatgctaatgcatgcggctatgcaagctgggatcc

gatgactatgctaagctgcggctatgctaatgcatgcggctatgctaagctcatgcggctatgctaagctgggaatgcatgcgg

ctatgctaagctgggatccgatgacaatgcatgcggctatgctaatgcatgcggctatgcaagctgggatccgatgactatgct

aagctgcggctatgctaatgcatgcggctatgctaagctcggctatgctaatgaatggtcttgggatttaccttggaatgctaa

gctgggatccgatgacaatgcatgcggctatgctaatgaatggtcttgggatttaccttggaatatgctaatgcatgcggctat

gctaagctgggaatgcatgcggctatgctaagctgggatccgatgacaatgcatgcggctatgctaatgcatgcggctatgcaa

gctgggatccgatgactatgctaagctgcggctatgctaatgcatgcggctatgctaagctcatgcgg



Central Dogma: DNA -> RNA -> Protein

Protein

RNA

DNA

transcription

translation

CCTGAGCCAACTATTGATGAA

PEPTIDE

CCUGAGCCAACUAUUGAUGAA



Translating Nucleotides into Amino Acids

• Codon: 3 consecutive nucleotides

• 4 3 = 64 possible codons

• Genetic code is degenerative and redundant

• Includes start and stop codons

• An amino acid may be coded by more than one codon



Codons

• In 1961 Sydney Brenner and Francis Crick discovered frameshift 
mutations

• Systematically deleted nucleotides from DNA
• Single and double deletions dramatically altered protein product

• Effects of triple deletions were minor

• Conclusion: every triplet of nucleotides, each codon, codes for exactly one 
amino acid in a protein



Six frames of DNA translation

• stop codons – TAA, TAG, TGA

• start codons - ATG

GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC

GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG

GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG

GACGTCTGCTTTGGAGAACTACATCAACCGGACTGTGGCTGTTATTACTTCTGATGGCAGAATGATTGTG

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC

CTGCAGACGAAACCTCTTGATGTAGTTGGCCTGACACCGACAATAATGAAGACTACCGTCTTACTAACAC



Open reading frame (ORF)

• Detect potential coding regions by looking at ORFs

– A genome of length n is comprised of (n/3) codons

– Stop codons break genome into segments between consecutive 
Stop codons

– The subsegments of these that start from the Start codon (ATG) 
are ORFs

• ORFs in different frames may overlap

Genomic Sequence

Open reading frame

ATG TGA



Prokaryotes gene structure
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-k denotes kth base before transcription, +k denotes kth transcribed base



Promoter

• Promoters are DNA segments upstream of transcripts that initiate 
transcription

• Promoter attracts RNA Polymerase to the transcription start site

5’Promoter 3’

http://www.biochemistry.bham.ac.uk/sjwb/alpharot.gif


Other signals

• Terminator in prokaryotes: Rho-independent (intrinsic) transcription termination –
G-C  reach inverted repeat. 

• Poly-A signal in eukaryotes



Long vs short genes

• Long open reading frames may be a gene
• At random, we should expect one stop codon every (64/3) ~= 21 codons
• However, genes are usually much longer than this

• A basic approach is to scan for ORFs whose length exceeds certain 
threshold
• This is naïve because some genes (e.g. some neural and immune system 

genes) are relatively short



Codon usage

• Create a 64-element hash table and count the frequencies of codons 
in an ORF

• Amino acids typically have more than one codon, but in nature 
certain codons are more in use

• Uneven use of the codons may characterize a real gene

• This compensate for pitfalls of the ORF length test



Codon usage of the human genome



GeneMark MM model
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Frequencies for first order MM

Borodovskii et al. 1987



Frequencies for second order MM

Borodovskii et al. 1987



Computing the likelihood of a nucleotide fragment

Borodovskii et al. 1987



Computing the likelihood

non-protein-coding region

protein-coding region

Posterior likelihood

Borodovskii et al. 1987



Scan the genome

Borodovskii et al. 1987



Eukaryotes gene prediction

exon1 exon2 exon3
intron1 intron2

transcription

translation

splicing

exon = coding
intron = non-coding



Eukaryotes gene structure
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Splicing Signals for eukaryotes

5’ 3’
Donor site

Position

% -8 … -2 -1 0 1 2 … 17

A 26 … 60 9 0 1 54 … 21

C 26 … 15 5 0 1 2 … 27

G 25 … 12 78 99 0 41 … 27

T 23 … 13 8 1 98 3 … 25



Splice site signals

(http://genes.mit.edu/chris/)



GeneScan model

• States- correspond to 
different functional units of 
a genome (promoter region, 
intron, exon,….)

• The states for introns and 
exons are subdivided 
according to “phase” three 
frames.

• There are two symmetric 
sub modules for forward 
and backward strands.

Burge and Karlin, J. Molecular Biology, 1997



FragGeneScan model

Rho et al. NAR 2010


