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Biologia de Sistemas
Caracterizacion masiva de componentes moleculares
y sus relaciones

- Genome sequencing (“genome”).

- Transcript characterization (MRNA) (“transcriptome™)
- Characteristics of the protein repertory (“proteome™)

- Cellular localization of the components (“localizome™)
- Gene regulation network (“regulome”)

- Protein interaction network (“interactome”)

- Massive gene-phenotype studies (“fenoma”)

- Metabolic networks (“metabolome”)



Interactoma

a Genetic pathways b Pathway scaffolding

€ Enzymalic reactions d Molecular machines

Nature Reviews | Molecular Cell Biology

+

Walhout, A. J. & Vidal, M. (2001). Protein interaction maps for model organisms. Nat Rev Mol Cell Biol 2(1), 55-62.



Determinacion Experimental Masiva del Interactoma
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Uetz, P. and Finley, R.L., Jr. (2005) From protein networks to biological systems. FEBS Lett, 579, 1821-1827.



Determinacion Experimental Masiva del Interactoma
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Interactomas determinados experimentalmente (high throughput)

A.Valencia
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Lappe, M. and Holm, L. (2004) Unraveling protein interaction networks with near-optimal efficiency. Nat Biotechnol, 22, 98-103.



Propiedades Topologicas Globales del Interactoma
Parametros Topolbdgicos

Degree k; = number of links connected to node i
i
;‘ Distance a’{.j: shortest path length between node i and j
Diameter D = max {d{ﬂi,_jeN} N : all nodes in the network
C|USt.er.ing ;= <6 €; : number of existing links (labeled in
Coefficient ki(k:‘ - 1) red) among the £; nodes that

connect to node i

- ~
o« | o\
Vo ~ , __.’ Betweenness bfzzﬁp,j(l)/p,j pl : number of shortest paths between
N_@ I ‘ Y iandj
~T= p,-j(!): number of shortest paths between

i and j going through node /

Zhu, X., Gerstein, M. and Snyder, M. (2007) Getting connected: analysis and principles of biological networks. Genes Dev., 21, 1010-1024.



Propiedades Topologicas Globales del Interactoma
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Barabasi, A.L. and Oltvai, Z.N. (2004) Network biology: understanding the cell's functional organization. Nat Rev Genet, 5, 101-113.



Propiedades topologicas globales del interactoma
Red Scale-Free/Jerarquica
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Jeong, H., Mason, S. P., Barabasi, A. L. & Oltvai, Z. N. (2001). Lethality and centrality in protein networks. Nature 411, 41-42.



Bottleneck
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Anadiendo Informacioén Dinamica
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Han, J.D., Bertin, N., Hao, T., Goldberg, D.S., Berriz, G.F., Zhang, L.V., Dupuy, D., Walhout, A.J., Cusick, M.E., Roth, F.P. and Vidal, M. (2004)
Evidence for dynamically organized modularity in the yeast protein-protein interaction network. Nature, 430, 88-93. Epub 2004 Jun 2009.

de Lichtenberg U, Jensen LJ, Brunak S, Bork P. (2005). Dynamic complex formation during the yeast cell cycle. Science. 307(5710):724-727.
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Aparicion de la Estructura Scale-Free
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Barabasi, A.L. and Oltvai, Z.N. (2004) Network biology: understanding the cell's functional organization. Nat Rev Genet, 5, 101-113.



¢ Artefactos debido al muestreo (sampling)?
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Stumpf, M.P., Wiuf, C. and May, R.M. (2005) Subnets of scale-free networks are not scale-free: Sampling properties of networks. Proc Natl
Acad Sci U S A, 102, 4221-4224.
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¢, Otros Artefactos?
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Deeds, E.J., Ashenberg, O. and Shakhnovich, E.I. (2006) A simple physical model for scaling in protein-protein interaction networks. Proc
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Motivos en la Red de Interacciones
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Wuchty, S., Oltvai, Z.N. & Barabasi, A.L. (2003) Evolutionary conservation of motif constituents in the yeast protein interaction network. Nat Genet,
35, 176-179.
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100, 11394-11399.



Prediccion de Funcion Basada en el Contexto de Interacciones

GO semantic similarity
[ =] (= [=] —_
E m [+-] - N

(=]
L5

(=]

i o
Network distance

=3
3

Amino ackd matabolism (2368) 20 Melosis (17/66)
Kembrane fusion (2321) 20

I\??
Vesicular transport (1411 41:--""1'5-—
36

Matasis (B1/75) DA synthesis (41/50)

Protein degradation (77/84) "
101 20

Call slruclure (39/54)

—
yo 52 Cell polarity (34/52)
___-;T__- Mating response

Prolain fokdng (1832) a7 !;}.nﬁﬁ DMA repair (37/65)
1
16 Cytokinesis (18)%,  Dilferentiation

Chromatin‘chrmasome

Pratain translocation (51/54) ) (4720} " structure (72102) /31
" 18 19 ANA m%wgg}:mi:
Nuchsar-gytoplasmic transpart 32
(106555} Signal tAnsCietion (42/66)
Lipiclalty cid and FRMA turnover
staral metabalism (18727} 28 = : . . {316)
Coll siress (2775)  \I8 Fol Il transeription (184177} HNP- splicing (5'65)
20 e i) Pal | transcrigtion (317}
az{!arboh;-urmu melabaligm  Pal 1l ranscripban (147217)
{30678}
¥pti Akr2 ¥ip1
YPLL#BC —_— YHR105W —— \"GL‘!B1C
Mam?7 Pepl2
Schwikowski, B., Uetz, P. & Fields, S. (2002). A network of Sharan, R., Ulitsky, I. and Shamir, R. (2007) Network-based prediction of
- N, Lo " . rotein function. Mol Syst Biol., 3, 88.
protein-protein interactions in yeast. Nature Biotech 18, 1257- P y e

1261.



Estudios globales de la red de interacciones - Resumen

- scale-free / jerarquica
=> resistente a fallos aleatorios; caminos cortos
Topologia scale-free explicable por duplicaciones

- hubs: esenciales/conservados
(date/party)

- modulos topologicos <> modulos funcionales

- motivos (pequenos) funcionales conservados

Barabasi, A.L. and Oltvai, Z.N. (2004) Network biology: understanding the cell's functional organization. Nat Rev Genet, 5, 101-113.



Calidad de los datos de interacciones high throughput

Table 1

Large protein interaction screens for eukaryotes

Organism (genes) Method Interactions® Proteins Reference

Yeast (~6000) Yeast two-hybrid 967 1004 [63] .
Yeast two-hybnd 4549 3278 [13] Overlap !
Yeast two-hybrd 420 271 [64,65] 6 Int |
To-ATTHMS = Tons (0] -
Co-AP/MS 3ETR 1578 [67]

Dvozophila (~14 000) Yeast two-hybrnd 20405 T048 [49]
Yeast two-hybrd 1214 488 [14]

Worm (~20 000) Yeast two-hybnd 4027 1926 [68]

*For two-hybrd screens, the approximate number of unique binary interactions is shown. For co-APMS screens, the approximate number of binary
interactions that would result if each bait protein contacted every protein that co-purified with it (the “*hub and spoke™ model) is shown. Data can be
retrieved from one of the databases cited [42-44]

Estimation (yeast): 12.000-40000 (6000)

Uetz, P. and Finley, R.L., Jr. (2005) From protein networks to biological systems. FEBS Lett, 579, 1821-1827.



Calidad de los datos de interacciones high throughput
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02) Comparative assessment of large scale data



Calidad de los datos de interacciones high throughput
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Combinacion con Otras Fuentes de Informacion para Aumentar Fiabilidad
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Lee, I., Date, S.V., Adai, A.T. and Marcotte, E.M. (2004) A probabilistic functional network of yeast genes. Science, 306,
1555-1558.
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Prediccion Computacional de Interacciones entre Proteinas
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*Huynen, M., Snel, B., Lathe, W. & Bork, P. (2000) Predicting protein function by genomic context: quantitative evaluation and qualitative
inferences. Genome Res, 10, 1204-1210.

*Valencia, A. & Pazos, F. (2002) Computational methods for the prediction of protein interactions. Curr Opin Struct Biol, 12, 368-373.
*Salwinski, L. & Eisenberg, D. (2003). Computational methods of analysis of protein-protein interactions. Curr Opin Struct Biol. 13, 377-382.



Conservacion de Cercania Gendtmica
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Pellegrini, M., Marcotte, E. M., Thompson, M. J., Eisenberg, D. & Yeates, T. O. (1999). Assigning protein functions by comparative
genome analysis: Protein pylogenetic profiles. Proc Natl Acad Sci USA. 96, 4285-4288.

*Date, S. V. & Marcotte, E. M. (2003). Discovery of uncharacterized cellular systems by genome-wide analysis of functional linkages. Nat

Biotechnol. 21, 1055-1062.
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from correlated gain and loss of genes. Bioinformatics., 23, 14-20.



Type Logic function
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Perfiles Filogenéticos

Logic statement

C is present in a genome if and only if (iff)
A and B are both present

C is present iff Ais absent or B is absent
C is present iff Ais present or B is present
C is present iff Ais absent and B is absent

Cis present iff Ais present and B is absent, or
C is present iff Ais absent and B is present

C is present iff B is present or A is absent, or
C is present iff B is absent or A is present

C is present iff one of either A or B is present

C is present iff A and B are both present or
A and B are both absent

Cc

Proteins

Phylogenetic profiles

dHE R

Genomes

D

Type 1. Pilus assembly protein TadG (COG4961) is present in a genome if and

only if (IFF) pilus protein TadC (COG2064) and periplasmic protein TonB (COG0810)
are both present. TadG and TadC are members of the type IV pili that form
membrane associated filaments involved in bacterial pathogenicity. TonBis a
periplasmic protein linking the inner and outer membrane.

Biological examples of LAPP

Type 3. Shikimate 5-dehydrogenase (COGO0169) is present IFF 3-dehydroquinate
dehydratase Il (COGO0757) OR 3-dehydroquinate dehydratase (COG0710) is
present. The two dehydroquinate dehydratase protein families offer alternate and
equivalent enzymatic steps that immediately precede shikimate 5-dehydrogenase
in the synthesis of aromatic amino acids.

Type 5. An archaeal DNA-binding protein (COG1581) is present IFF an ATPase
involved in DNA repair (COG0419) is present and a mismatch repair ATPase (MutS
family, COG0249) is absent. These results suggest that COG1581 may play a role
in archaeal mismatch DNA-repair, complementary to the role of COG0419 in
bacteria.

Type 7. DNA-directed RNA polymerase, subunit K/omega (COG1758) is present
IFF one of either the DNA-directed RNA polymerase, subunit E' (COG1095) or the
RecG-like helicase (COG1200) is present. These data hint at possible activities for
the individual subunits of the DNA-directed RNA polymerase complex in eukaryotes,
archaea, and bacteria.

* Bowers, P.M., Cokus, S.J., Eisenberg, D. and Yeates, T.O. (2004) Use of logic relationships to decipher protein network organization.

Science, 306, 2246-2249.
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Goh, C.-S., Bogan, A.A., Joachimiak, M., Walther, D. and Cohen, F.E. (2000) Co-evolution of Proteins with their Interaction Partners.
J Mol Biol, 299, 283-293.

Pazos, F. and Valencia, A. (2001) Similarity of phylogenetic trees as indicator of protein-protein interaction. Protein Eng, 14, 609-614.
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* Tillier, E.R., Biro, L., Li, G. and Tillo, D. (2006) Codep: maximizing co-evolutionary interdependencies to discover interacting proteins.
Proteins., 63, 822-831.
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Comparacion con versiones anteriores de mirrortree

% false positives  ROC area

mirrortree 23.4 0.71
mirrortree with tree distances 21.9 0.73
tol-mirrortree 14.9 0.79

P(N) values (sign test):

N mirrortree | mirrortree tree dist. | ftol-mirrortree

mirrortree

mirrortree tree dist. 0.276

tol-mirrortree 5.60 -10° 1.91-107
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Sato, T., Yamanishi, Y., Kanehisa, M. and Toh, H. (2005) The inference of protein-protein interactions by co-evolutionary analysis is
improved by excluding the information about the phylogenetic relationships. Bioinformatics, 21, 3482-3489.



Mirrortree — Usando la Informacion del Contexto Co-evolutivo
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Metodos Computacionales de Prediccion de Compafieros de Interaccion
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« Alfonso Valencia & Florencio Pazos (2002). Prediction of Protein Interactions with Computational Methods. Curr Op Str Biol. 12(3): 368-373.
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e Alfonso Valencia & Florencio Pazos. (2003). Prediction of protein-protein interactions from evolutionary information. Methods Biochem Anal.
44:411-426.

e Florencio Pazos & Alfonso Valencia (2006). Protein Interactions from an Evolutionary Perspective. In “Evolution of Biological Networks”.
Carsten Wiuf & Michael Stumpf (Eds). Imperial College Press/World Scientific. In Press.



Repositiorios on-line de interacciones predichas
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