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Biología de Sistemas
Caracterización 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”)
- ......
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Interactoma

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



Determinación Experimental Masiva del Interactoma

Y2H TAP/MS
http://pubs.acs.org/hotartcl/mdd/00/sep/edwards.html

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



Interactomas determinados experimentalmente (high throughput)
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Estudio de los interactomas (top-down)

http://www.sciencemag.org/content/vol296/issue5568/images/large/se1520393001.jpeg


Calidad de los datos de interacciones high throughput

Overlap:
6 int !

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.
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Calidad de los datos de interacciones high throughput



Calidad de los datos de interacciones high throughput
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Predicción Computacional de Interacciones entre Proteínas
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Conservation of gene neighboring
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Phylogenetic Profiles
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H(A) = - Σp(a) ln p(a) 

pij = -1/logEij

http://www.pnas.org/content/vol96/issue8/images/large/pq0690185001.jpeg


Phylogenetic Profiles
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Based on correlated mutations (i2h)
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Pazos, F. & Valencia, A. (2002). In silico two-hybrid system for the selection of physically interacting protein pairs. Proteins. 47, 219-227.



1alc_1-1rnd_1   0,968
3adk_2-4tnc_2   0,961
1alc_1-1rnd_2   0,957
1sgt_1-2c2c_2   0,889
2c2c_2-3pgk_1   0,878
3trx_1-9pap_2   0,857
4tnc_1-4mt2_2   0,853
4tnc_2-4mt2_2   0,836
3trx_1-3pgk_2   0,829
3trx_1-9pap_1   0,814
2c2c_2-1rnd_2   0,813
4tms_2-3dfr_2   0,809
9pap_2-3adk_2   0,805
4tms_1-3dfr_2   0,804
1sgt_2-1alc_1   0,799
9pap_1-3adk_2   0,790
3trx_2-9pap_2   0,761
4tnc_2-4mt2_1   0,747
3adk_2-3pgk_2   0,726
4tnc_1-4mt2_1   0,718
9pap_2-4tnc_2   0,702
3trx_1-3adk_1   0,673
3dfr_1-3dfr_2  * 0,657
2pf2_2-1alc_2   0,628
3adk_1-4tnc_1   0,617
3adk_1-4tnc_2   0,614
2pf2_2-1alc_1   0,595
3adk_2-4tnc_1   0,539
4tms_1-3dfr_1   0,507
3trx_2-3pgk_1   0,489
3trx_2-3pgk_2   0,471
3trx_1-3adk_2   0,471
1sgt_1-1alc_1   0,455
3trx_1-2c2c_2   0,453
3trx_1-2c2c_1   0,446
4tms_2-4tnc_2   0,444
2c2c_1-1rnd_2   0,442
1sgt_2-1alc_2   0,435
3trx_2-3adk_1   0,427
4tms_1-4tnc_2   0,413
1sgt_1-1rnd_1   0,403
4tms_1-4tnc_1   0,401
4tms_2-3dfr_1   0,398
1alc_2-4mt2_2   0,362
1sgt_1-1rnd_2   0,358
1sgt_1-4mt2_2   0,356
1sgt_2-1rnd_1   0,352
3trx_1-4tnc_2   0,316
2c2c_1-4tnc_1   0,303

2c2c_2-1alc_1   3,503
1sgt_2-4mt2_1   3,448
9pap_1-9pap_2  * 3,042
1alc_1-1alc_2  * 2,852
2c2c_1-4mt2_1   2,825
4tms_1-4tms_2  * 2,735
3trx_1-3trx_2  * 2,571
4mt2_1-4mt2_2  * 2,469
2c2c_2-4mt2_1   2,355
2c2c_2-4mt2_2   2,331
4tnc_1-4tnc_2  * 2,238
3blm_1-3blm_2  * 2,206
3pgk_1-3pgk_2  * 2,197
2c2c_1-4mt2_2   2,139
1sgt_2-2c2c_1   2,068
2c2c_1-1alc_1   2,011
2c2c_1-1alc_2   1,886
3adk_1-3adk_2  * 1,862
1sgt_2-2c2c_2   1,835
2c2c_1-2c2c_2  * 1,787
3adk_1-3pgk_1   1,624
1rnd_1-4mt2_1   1,530
2c2c_1-9pap_2   1,520
3adk_2-3dfr_2   1,507
1sgt_2-2pf2_2   1,489
9pap_1-3adk_1   1,488
3adk_1-3pgk_2   1,444
2c2c_2-1alc_2   1,415
2c2c_1-3pgk_2   1,389
1sgt_1-4mt2_1   1,387
3adk_1-3dfr_1   1,367
1rnd_2-4mt2_1   1,359
2c2c_2-3adk_1   1,319
1rnd_1-1rnd_2  * 1,314
3pgk_1-4tms_1   1,299
2c2c_1-3adk_1   1,297
3pgk_1-4tms_2   1,292
3trx_1-3pgk_1   1,279
2c2c_1-3pgk_1   1,278
1alc_1-4mt2_1   1,278
2c2c_2-9pap_2   1,274
1rnd_1-4mt2_2   1,258
3adk_2-3pgk_1   1,252
1rnd_2-4mt2_2   1,240
3adk_1-3dfr_2   1,209
3trx_2-2c2c_1   1,196
3pgk_2-4tms_2   1,178
3pgk_2-4tms_1   1,170

Based on 
correlated mutations 

(i2h)



Based on correlated mutations (i2h)
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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.



2c2c_2-4mt2_2   0,959
9pap_1-9pap_2  * 0,907
2c2c_1-4mt2_2   0,901
3pgk_1-3pgk_2  * 0,901
4mt2_1-4mt2_2  * 0,898
3trx_1-3trx_2  * 0,894
4tms_1-4tms_2  * 0,854
2c2c_2-4mt2_1   0,849
1rnd_1-1rnd_2  * 0,817
2c2c_1-4mt2_1   0,813
1alc_1-1alc_2  * 0,801
4tnc_1-4tnc_2  * 0,794
2c2c_1-2c2c_2  * 0,773
3pgk_1-4tms_1   0,756
3pgk_1-4tms_2   0,731
2c2c_1-3adk_1   0,726
3pgk_2-4tms_1   0,723
2c2c_2-3pgk_1   0,715
1alc_1-1rnd_1   0,712
2c2c_2-3pgk_2   0,698
1alc_2-1rnd_1   0,697
1sgt_1-1sgt_2  * 0,693
3pgk_2-4tms_2   0,691
3adk_2-3dfr_2   0,675
1sgt_2-2pf2_2   0,673
3dfr_1-3dfr_2  * 0,672
2c2c_2-9pap_1   0,658
2c2c_1-3pgk_1   0,648
3trx_2-9pap_1   0,646
1sgt_1-2pf2_2   0,646
2c2c_2-3adk_1   0,631
3trx_1-9pap_1   0,627
2c2c_2-1alc_2   0,626
2c2c_1-3pgk_2   0,620
3trx_2-9pap_2   0,620
1rnd_2-4mt2_1   0,619
1alc_2-1rnd_2   0,607
1rnd_2-4mt2_2   0,606
3blm_1-3blm_2  * 0,603
1alc_1-1rnd_2   0,599
3trx_1-3pgk_1   0,595
3trx_1-9pap_2   0,589
1alc_2-4mt2_1   0,588
2c2c_1-1alc_2   0,587
2c2c_1-9pap_1   0,581
3trx_1-3pgk_2   0,577
4tnc_1-4mt2_1   0,556
3adk_1-3pgk_1   0,554

4tnc_1-4mt2_2   0,448
9pap_2-4tnc_1   0,446
1alc_2-4mt2_2   0,446
1sgt_2-4mt2_1   0,433
3adk_1-4tnc_2   0,421
1rnd_1-4mt2_2   0,405
4tnc_2-4mt2_2   0,405
2c2c_1-3adk_2   0,401
1sgt_2-2c2c_1   0,399
4tms_2-3dfr_2   0,394
3adk_1-3dfr_1   0,390
1sgt_2-2c2c_2   0,381
3adk_2-3dfr_1   0,372
1sgt_2-1alc_1   0,371
4tms_1-3dfr_2   0,358
1sgt_1-4mt2_1   0,343
1sgt_1-4mt2_2   0,336
9pap_2-4tnc_2   0,331
4tms_1-3dfr_1   0,327
3trx_1-2c2c_2   0,319
3trx_1-2c2c_1   0,312
1sgt_1-1alc_1   0,312
3trx_2-2c2c_2   0,287
3trx_2-2c2c_1   0,281
1sgt_1-2c2c_2   0,270
1alc_1-4mt2_2   0,268
1sgt_1-2c2c_1   0,268
2c2c_1-1rnd_1   0,263
9pap_1-3adk_2   0,254
2c2c_2-3adk_2   0,254
3adk_2-3pgk_1   0,251
1sgt_1-1rnd_1   0,238
3adk_2-3pgk_2   0,238
9pap_2-3adk_2   0,221
1sgt_2-1alc_2   0,219
2c2c_2-1alc_1   0,203
9pap_1-4tnc_1   0,202
1sgt_2-1rnd_1   0,191
1sgt_1-1alc_2   0,178
3trx_2-3adk_2   0,175
1sgt_1-1rnd_2   0,168
2pf2_2-1alc_1   0,160
2c2c_1-1alc_1   0,155
9pap_1-4tnc_2   0,149
2c2c_2-1rnd_2   0,146
4tms_2-3dfr_1   0,130
3trx_1-3adk_2   0,128
2c2c_2-1rnd_1   0,125
2c2c_1-1rnd_2   0,113

MirrorTree
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MirrorTree. Variaciones
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Predicción interactiva del mapeo entre familias de proteínas

?

Protein family A
(i.e. ligands)

Protein family B
(i.e. receptors)

Jose M. G. Izarzugaza, David Juan, Carles Pons, Juan A. G. Ranea, Alfonso Valencia & Florencio Pazos. (2006). TSEMA: interactive prediction 
of protein pairings between interacting families. Nucl. Acids Res. 34:W315-W319. 
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Pazos, F., Ranea, J.A.G., Juan, D. and Sternberg, M.J.E. (2005) Assessing Protein Co-evolution in the Context of the Tree of Life Assists in the 
Prediction of the Interactome. J Mol Biol, 352, 1002-1015.
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tol-mirrortree

P00000
List of pairs 
sorted by score

DIP:
516 interactions (E coli)

20,087 pairs calculated
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118 proteins with
>=1 calculated true interactor
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false positives
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Comparación con versiones anteriores de mirrortree

P(N) values (sign test):
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Genome-wide co-evolutionary networks
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Métodos Computacionales de Predicción de Compañeros de Interacción

1
2
3
4
5
6
7
8

1
1
1
0
1
0
1
1

1
1
1
0
1
1
0
1

.... .. .
0.0

1.0

intra-protein inter-protein

A B C

D
E

GF

√√√
√

xx
x

• Alfonso Valencia & Florencio Pazos (2002). Prediction of Protein Interactions with Computational Methods. Curr Op Str Biol. 12(3): 368-373. 
[56/67]

• Alfonso Valencia & Florencio Pazos. (2003). Prediction of protein-protein interactions from evolutionary information. Methods Biochem Anal. 
44:411-426.

• 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.



Bibliografía

• Alm, E. and Arkin, A.P. (2003) Biological networks. Curr Opin Struct Biol, 13, 193-202.

• Xia, Y., Yu, H., Jansen, R., Seringhaus, M., Baxter, S., Greenbaum, D., Zhao, H. and Gerstein, M. 
(2004) Analyzing cellular biochemistry in terms of molecular networks. Annu Rev Biochem, 73, 1051-
1087.

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

• Bork, P., Jensen, L.J., von Mering, C., Ramani, A.K., Lee, I. and Marcotte, E.M. (2004) Protein 
interaction networks from yeast to human. Curr Opin Struct Biol, 14, 292-299.

• Huynen, M.A., Snel, B., von Mering, C. and Bork, P. (2003) Function prediction and protein 
networks. Curr Opin Cell Biol, 15, 191-198.

• 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.

Florencio Pazos Cabaleiro
Computational Systems Biology Group (CNB-CSIC)
pazos@cnb.uam.es


