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Types of Biological Classification

Information pathways
— DNA, RNA and protein related

Metabolism

Processes
— Signal transduction, cell division

Transport of large and small molecules
— lon channels, protein and peptide transport

Structure
— Cell walls and membranes



Function Wheels




Clusters of Orthologous Genes

 Whole genome BLAST comparisons of all
genomes

e “Reciprocal” best-hits form clusters of genes that
are assumed to be orthologous (same function)

« Automated approach, no extensive manual
curation
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COG

http://www.ncbi.nlm.nih.gov/COG/new/

Unicellular Clusters
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Complete genome:
[11620][143]

Pyrococcus abyssi GES, complete genome Microbial genomes

Sequencing center: Genoscope

Genome Info Feature table BLAST protein homologs Links
Eefseq: NC 000268 Protein codﬁzﬁenes COGs (ﬁust@gous Groups) Befseqg FTP
GenBank: AT006836 Structural ENAs iD S;ctu:e {Sequences with known struecture) | GenBank FTP
e meerae A e s
<« COG scheme applied to genome
GenePlot (Patrwise genome comparison) CDD
Pyrococcus

Abyssi
(1.7 Mb)

Protein coding genes distribution map
To see map locations of genes, click on a region in the map,
to zoom in on that region

Start from Search for gene

PFIBII]?? \ l!!

W2

PAEL SSEH

&

PAEN 705
f*

.-h' ,Q{{ .'F
o

IlllfI rllPFIBEﬂmI\\

PHE2 35S |

Ly
| _— i, PRB22S2

A

!

—
=

E
5 @*ﬁ

TR

@ PAB0S12

K

7
“ PREZ145
L

..-.-ql-‘“

T _—PRE0GNE

i T
"

Gene Classification based on COG functional catezones

Translation, ribosomal structure and biogenesis
Transcription

IMA replication, recombination and repair

Cell division and chromosome partitioning
Posttranslational modification, protein turnowet
Cell envelope biogenesis, outer membrane

Cell motility and secretion

Inorganic ion transport and metabolism

Sighal transduction mechanisms

Ernergw production and conwersion

Carbohwdrate transport and metabolism

Amino acid transport and metabol ism

Muzleotide transport and metabol ism

Coenzwme metabol ism

Lipid metabalism

Secondary metabolites bioswnthesis, transport ar
Gerneral function prediction onlwy

Function unknown

Mo COG match



COG
classification
by major
functional
categories

Pyrococcus abyssi complete genome Microbial senomes

1895 proteins: distribution by COGs functional categories
1499 proteins can be found in COGs data base

Code |[COGs | Description

‘@[ 7| 151 [ Transiation

E I 1 EMA processing and modification
m|k| 90 | Transcription

‘o[L| 67 | Replication, recombination and repair
E[B] 1 | Clwomatin strucowe and dynamics

] D] 18 | Coll cyele control, mitosis and meiosis
E ? D Muclear structure

E ? 22 Defense mechanisms

o| T| 15 | Signal transduction mechanisms

E ﬁ 47 Cell wall'membrane biogenesis

o|N| 28 [ Cell motiity

o|lz| o | Cytoskeleton

o[w| o0 [ Extracelmlar structures

o[ U]| 11 | eracetutar wallicking and secretion

E H 49 Posttranslational modification, protein turnover, chaperones
‘o[ c| 118 | Energy production and conversion

m G| 84 | Caubobydate wansport and metabolism
‘O[E| 131 | Amino acid transport and metabolism




Kyoto Encyclopedia uf
Genes'and Genomes

66

KEGG: Kyoto Encyclopedia of Genes and Genomes

A grand challenge in the post-genomic era is a complete computer representation of the cell and
the organism, which will enable computational prediction of higher-level complexity of cellular
processes and organism behaviors from genomic information. Towards this end we have been
developing a bioinformatics resource named KEGG, Kyoto Encyclopedia of Genes and Genomes,

as part of the research projects in the Kanehisa Laboratory of Kyoto University Bicinformatics
Center.

« KEGG Table of Contents «

Entry to the KEGG web service

KEGG Release 34.0, April 2005 (plus daily updates)
Release notes

Introduction Standards Links Distribution
User manuals Data formats Related databases Disclaimer
References API FTP access
Feedback

GenomeMet

Best Pathway Database:



http://www.genome.jp/kegg/

KEGG
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Where do we get function
assignments?

e Experimental methods
— Microarray analyses

— Other large-scale functional screens (i.e. global
disruptions, molecular interactions)

— Biochemical & enzymatic analyses
— Traditional genetics

e Computational methods
— Sequence / motif / domain comparisons

— Phylogenetic tree methods
— Rosetta Stone methods



S. cerevisiae (SC)

Pl P2
P35

P3 P4
P6  P7

E. coli (EC)

Genomes:

B. subtilis (BS)

H. influenzae (HI)

Phylogenetic

profiles

Pellegrini M et al.,“Assigning protein
functions by comparative genome

analysis: protein phylogenetic profiles.”
PNAS (1999) 96(8):4285-8

Phylogeny Tree -> Multiple Alignment -> Profile

\/
Phylogenetic Profile:
EC SC BS HI
Pl 1 0 1
P2 1 1 0
P3 0 11
P4 1 0 0
P5 1 11
P6 0 11
P7 1 1 0

Cluster by
presence in
genomes

T~

Profile Clusters:
| P4 1 0 0]
P2 11 0
P7 1 1 0
[P1 1 0 1}—Ps 11 g\
P3 0 1 1
P6 0 1 1
NS

P3 and P6 are functionally linked

Conclusion: P2 and P7 are functionally linked ,




Rosetta Stone method
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More methods...

-
6,217 proteins of
Saccharomyces
cerevisiae
(L ink functionally-related proteins by:)
. Related Related Rosetta Correlated
Expenrlar;\:ntal Metabolic Phylogenetic Stone mRNA
) _ Function Profiles Method Expression
L';k pratigms Link proteins Link proteins that Link proteins Link proteins
: ?OWF; t? whose homologues evolved in a whose homologues whose mRMA
n er?i_' :t are known from  correlated fashion  are fused into a levels are
E;Sg II E experiment to in the 20 single gene in correlated
( inks) operate organisms with  another organism across 97
sequentially in fully-sequenced (45,502 links)  assays of yeast
metabolic genomes mRNA levels
pathways (20,749 links) (26,013 links)
(2,391 links) /
Predict function of uncharacterized proteins
L using links with characterized proteins

Marcotte EM, et al., Nature (1999) 402:83-86
Enright AJ, et al., Nature (1999) 404:86-90




The Gene Ontologies (GO)

Molecular Function Ontology

o the tasks performed by individual gene products; examples
are carbohydrate binding and ATPase activity

Biological Process Ontology

* Dbroad biological goals, such as mitosis or purine
metabolism, that are accomplished by ordered assemblies
of molecular functions

Cellular Component Ontology

 subcellular structures, locations, and macromolecular
complexes; examples include nucleus, telomere, and origin
recognition complex



Gene Ontology - Process

@ DNA metabolism

DNA degradation—— 7 S —DNA recombination
cDC9

Ligl

DNA packaging Y DNA Repair Lig3

DNA replication
RNH35
RNR1
mitochondrial g::;:— 1
genome maintenance Rrm?
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DNA-dependent
DNA replication

DNA replication cDCY
pre-replicative complex

Ligl
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Gene Ontology — Linking Homologs
Between Species

e Major Founding Members of Consortium
— Drosophila (fruit fly) - FlyBase
— Saccharomyces Genome Database (SGD)
— Mouse Genome Database (MGD)


http://www.geneontology.org/

Mappings of External Classification Systems to GO

These files contain concepts from systems external to GO e.g. Enzyme Commission numbers, SWISS-PROT keywords and TIGR roles,
indexed to equivalent GO terms. The mappings are typically made manually, details can be found in the file header. The files are of the format:

external system identifier: external system term name/id > G0:E0 term name ; G0:id
Database Index File Source Date of last
update
UniProt Knowledgebase spkw?2qo Evelyn Camon (Note: spkw2go used fo be called swp2go, all files remain Monthly
the same.)
COG Functional cog2qo Michael Ashburner and Jane Lomax June 2004
Categories
Enzyme Commission ec2go Michael Ashburner, GO Editarial Office Monthly
EGAD eqad2go Michael Ashburner October 2000
GenProtEC genprotec2go  Heather Butler and Michael Ashburner December 2000
TIGR Rale tigrZgo Michael Ashburner January 2004
TIGR Families tigfams2go  TIGR Staff September 2004
InterPro interpro2go Micola Mulder IMonthly
MIPS Funcat mips2go Michael Ashburner and Midori Harris August 2002
MetaCyc Pathways and  metacyc2go  Michael Ashburner, Midari Harris and Amelia Ireland Daily
Reactions
MultiFun Classifications multifunZgo  Michael Ashburner, Jane Lomax and Margrethe Hauge Serres Qctober 2003
Pfam Domains pfam2go Generated electronically from InterPro2go by Daniel Barrell, Original by Monthly
Micola Mulder.
Prodom Domains prodom2go Generated electronically from InterPro2go by Daniel Barrell, Original by Monthly
Micala Mulder.
Prints Domains prints2go Generated electronically from InterPro2go by Daniel Barrell, Original by Monthly
Micola Mulder.
ProSite Domains prosite2go Generated electronically from InterPro2go by Daniel Barrell, Original by Monthly
Micala Mulder.
Reactome biological reactomeZgo  Lisa Matthews and Amelia Ireland Daily

processes

Smart Nnmaine smart?nn Generated elartranicalls from InterPrnZon b Danial harrsll Cirininal hae LAnnthhs
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