Bioinformatique M 2. Lecture?2

P. Derreumaux

1. From genometo protein function



COGS - Clusters of orthologous groups

(Koonin et al., NAR)

* All-against-all sequence comparison of the proteins encoded in
completed genomes (paralogs/orthologs)

* For a given protein “a” in genome A, if there are several similar
proteins in genome B, the most similar one “b” is selected

* If when using the protein “b” as a query, protein “a” in genome A
IS selected as the best hit “a” and “b” can be included in a COG

* Proteins in a COG are more similar to other proteins in the COG
than to any other protein in the compared genomes

* A COG is defined when it includes at least three homologous
proteins from three distant genomes




Chusters of Ozﬂ;ologous Groups of protemns (COGs) were delineated by companng protem sequences encoded in 44 complete genomes, representing 30 major
phylogenetic ineages. Each COG consists of individual proteins or groups of paralogs from at least 3 lineages and thus corresponds to an ancient conserved
domain Proteins from two eukaryotic genomes were assigned to COGs and can be reached from each individual COG page
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Information in COGS

* Annotation of proteins by members of known
structure/function

* Phylogenetic patterns - presence or absence of proteins
in a given organism --> Enables following metabolic pathways

* Multiple alignments



Méthodes de prédiction fonctionnelle existantes 11

Inférences par corrélation

v' La variation d’organisation des génes entre organismes

- Méthode de la pierre de Rosette (Marcotte et al. (1999), Science
285, 751-733)

v' La variation de ’ordre des génes entre organismes

- Méthode des geénes voisins (Dandekar et al. (1998) TIBS 23, 324-
328; Overbeek et al. (1999) PNAS 06, 2896-2901 )

v' La variation du contenu en genes entre organisme

- Méthode des profils phylogénétiques (Pellegrini et al. (1999)
PNAS 96,4285-4288)
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The Rosetta Stone method for detecting functional linkage
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The domain fusion or Rosetta Stone method for detecting
functional linkage''® is ilustrated here by three examples. The top
sequence in all three triplets of proteins is the fused domain or
Hosetta Stone sequence; it is homologous to two separate
sequences in another species. Inthe middle example, the genes
Pur? and Fur3 of yeast both encode enzymes that catalyse steps
in the purine biosynthetic pathway. If it were not previously knosn
from biochemical and genetic experiments that these enzymes are
functionally linked, the linkage would be apparent from the Rosetta
stone sequenocs Adeb,7 8 from Caenorhabditis elegans. Similarly,
in the lower example the fused sequence of TrpC in the
Eschendwa colf genome would nnform us that the yeast pre teins

they both uataly:se steps in the b|osynths9813 of tnyptophal 1.
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Box 3

The method of correlated gene neighbours for inferring
functional linkage

Observed gene locations

inferred functional linkage .--' SEY O @

If two genes (biue and veliow in the figure) are found to be
neighbours in several different genomes, a functional linkage may be
inferred between the proteins they encode. The method is most
robust for microbiai genomes but may work to some extent even for
human genes where operon-like ciusters are observed (see, for
axample, ref. 26). The gene neighbour method correctly identifies
functional links among eight enzymes in the biosynthetic pathway
for arginine in Mycobacterium tuberculosis.
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Pellegrini et al. PNAS 96, 4285-4288 (1999) P3 and PS are functionally linked
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Proteome Navigators Page 1 sur 2

The Prolinks Database

Select a protein by entering a sequence identification number
from a public database, or the name or family of the gene.
An example is given for the E. coli protein murE, with seqid=33362.

Search by Database Identifier

Sequence ID

33362

[_Show Protein _|

OR

Search by Protein Characteristic
Number of Criteria to Display: | 1|3 6|9 12| 15|

Genome: Escherichia coli K12

Gene Name ~_ contains mure

| ResetCriteria || Search Proteins |




Minimum Confidence: 0.6

- Analysis Methods:

Phylogenetic Profile (PP)
Rosetta Stone (RS)
Gene Neighbar (GN)
Gene Cluster (GC)

[ TextLinks (TL)

Links to Display: | 1stOrder

Color Nodes by: KEGG Pathwa
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| Reset|| UpdutaGJ;g_Lph ] -

Onler 1st
Proteins: 15

Method (# links)

O Arginine and proline ...
B Histidine metabolism
O Lipopolysaccharide bi...
[ Nicotinate and nicotin..
[ Pantothenate and CoA.
[0 D-Alanine metabolism
O Peptideglycan biosynt...
O Clycerolipid metabolism
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Figure &
A comparison of graphs generated by querying the String database and Proteome Navigator t identify proteins in the ATP synthase complex. COGO056,
showen in red in the String network (left). contains the E. cof protein AtpA, used to search each database and shown highlighted as a double-lined box in

the Proteome Navigator graph {right). The Proteome Navigator network and Prolinks database identify twice the number of functionally linked protains at
the given confidence level.






