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How a gene looks like
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Scanning the genome looking for genes



Adding BLAST into the equation

• BLASTP of predicted proteins to infer function

• TBLASTN known protein against genome to detect ORFs



Non-protein-coding genes

• small RNAs:
• tRNAs
• snoRNAs
• snRNAs
• microRNAs
• piRNAs
• ...

• long non-coding RNAs



Repetitive elements

Evolutionary conservation (that is, mostly BLAST searches) allow
the identification of known repetitive elements:

• Transposable elements

• Telomeric/centromeric sequences

• Satellites

• Pseudogenes

• Integrated viruses

A comprehensive database of repetitive elements is RepBase
(http://www.girinst.org/repbase/)



Problems of automatic gene discovery
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RNA-Seq



Assembling eukaryotic transcripts



RNA-Seq

RNA-Seq is a quantitative technique



Differential gene expression

RNA-Seq can be used to compare expression patterns



False positives

• A p-value is the probability
of accepting a hypothesis
that is actually false

• In other words, is the
probability of a reported
difference to be a false
positive

• If we perform multiple
comparison, a p-value of
0.05 may not be good
enough

• We have to account for
multiple comparisons



False positives

• A p-value is the probability
of accepting a hypothesis
that is actually false

• In other words, is the
probability of a reported
difference to be a false
positive

• If we perform multiple
comparison, a p-value of
0.05 may not be good
enough

• We have to account for
multiple comparisons



False positives

• A p-value is the probability
of accepting a hypothesis
that is actually false

• In other words, is the
probability of a reported
difference to be a false
positive

• If we perform multiple
comparison, a p-value of
0.05 may not be good
enough

• We have to account for
multiple comparisons



False positives

• A p-value is the probability
of accepting a hypothesis
that is actually false

• In other words, is the
probability of a reported
difference to be a false
positive

• If we perform multiple
comparison, a p-value of
0.05 may not be good
enough

• We have to account for
multiple comparisons



False positives

• A p-value is the probability
of accepting a hypothesis
that is actually false

• In other words, is the
probability of a reported
difference to be a false
positive

• If we perform multiple
comparison, a p-value of
0.05 may not be good
enough

• We have to account for
multiple comparisons



FDR and q-values

• False Discovery Rate (FDR) is a procedure by which we
control the maximum number of false positives

• The ’math’ bit can be found in Wikipedia

• A modification of the FDR is the q-value, which is the
equivalent to a p-value but for a false discovery rate

• The important thing is that you understand that p-values
need to be corrected!
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Gene Ontology: history

• As the first genome sequences became available, it was
difficult to compare the annotation among them

• In 1998, the Mouse, Fruit Fly and Yeast genome groups
teamed up to build a common annotation language

• They created Gene Ontology (GO), ”a structured, precisely
defined, common, controlled vocabulary for describing the
roles of genes and gene products in any organism”
http://www.geneontology.org/
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Gene Ontology: structure

• GO have three domains:
• Biological Process (BP)
• Cellular Component (CC)
• Molecular Function (MF)

• Each domain is composed of ’GO terms’, which are labels that
can be attributed to a gene product.
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Gene Ontology: structure

’GO terms’ are organized in a hierarchical structure
(technically in a ’Directed Acyclic Graph’)

The relationships among GO terms is more complex:
http://geneontology.org/page/ontology-relations



Annotation by Gene Ontology

E. coli OmpA

(doi:10.3390/biom4010354)

• Cellular Component
• GO:0019867 outer membrane
• GO:0009279 cell outer membrane
• GO:0016020 membrane
• GO:0046930 pore complex
• GO:0016021 integral component of membrane

• Biological Process
• GO:0006811 ion transport
• GO:0009597 detection of virus
• GO:0034220 ion transmembrane transport
• GO:0000746 conjugation
• GO:0046718 viral entry into host cell
• GO:0006810 transport

• Molecular Function
• GO:0005515 protein binding
• GO:0015288 porin activity
• GO:0005198 structural molecule activity

Evidence come from experiments or predictions:
http://geneontology.org/page/guide-go-evidence-codes



Many genes

How do we evaluate many genes at a time?



GO term enrichment: principles

http://en.wikipedia.org/wiki/Gene Ontology Term Enrichment



GO term enrichment: statistics

http://en.wikipedia.org/wiki/Gene Ontology Term Enrichment

FDR is also important in GO term enrichment



Experimental functional annotation



ChIP-Seq

Source: wikimedia.org



From sequence to function



Recommended readings

A general overview on how genes are predicted and annotated can
be found in the main course textbooks:

• Brown TA (2007) Genomes 3. Garland Science Publishing.
Chapters 5 and 6

• Pevsner J (2009) Bioinformatics and Functional Genomics.
John Wiley and sons. Chapters 15 and 16

For additional information you can read these review articles:

• Richardson EJ and Watson M (2014) The automatic
annotation of bacterial genomes. Brief Bioinf 14:1-12.

• Yandell M and Ence D (2012) A beginner’s guide to
eukaryotic genome annotation. Nat Rev Genet 13:329-342.
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