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The interactome

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



Experimental determination of the interactome

TAP/MS Y2H

A.Valencia



Protein Interaction Networks (“interactome”)
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Quality of the high-throughput interaction data

Overlap:
6 int !

Estimation (yeast): 12.000-40000 ints. (6000 prots.)

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



Quality of the high-throughput interaction data

Hoffmann R, Valencia A. (2003). Protein interaction: same network, different hubs. Trends Genet. 19(12):681-683. 



von Mering, C., Krause, R., Snel, B., Cornell, M., Oliver, S.G., Fields, S. and Bork, P. (2002) Comparative assessment of large scale data 
sets of protein-protein interactions. Nature, 417, 399-403.

Quality of the high-throughput interaction data



Retrieving protein relationships from the literature
(text mining)

Extraction of 
interactions.

Interface for the human 
intervention

Pubmed
10M entries

*[proteinA]...verbindicatinganaction...[proteinB]
“After extensive purification, Cdk2 was still bound to cyclin D1”

Rules about interactoins

Terms that indicate 
interaction

activate,associatedwith,bind,interact,phosphorylate,regulate
Action words are for example:

Selection of the text 
corpus

A. Valencia

C. Blaschke, M. A. Andrade, C. Ouzounis and A. Valencia. (1999). ISMB99. 60-67. 



Retrieving protein relationships from the literature. iHop

Robert Hoffmann & Alfonso Valencia. (2004). A gene network for navigating the literature. Nature Genetics 36, 664. 



In-silico prediction of protein interactions
c) gene fusion

d) similarity of phylogenetic trees

protein
distance
matrices

d1

d2

a) phylogenetic profiles

org. 1
org. 2
org. 3

prot. a prot. b prot. c prot. d

b) conservation of 
gene neighbouring

org. 4
prot. a prot. cprot. a prot. c

1    1     1     1
0    1     0     1
1    0     1     0
1    0     1     1

org. 1
org. 2
org. 3
org. 4

prot. a

prot. b

prot. c

org. 1

org. 2

prot. a prot. b

prot. ab

prot. a prot. b
org. 1

org. 1org. 2 org. 2org. 3 org. 3
org. 4

org. 4
org. 5

org. 5

r: similarity
between
a and b trees

multiple 
sequence 
alignments
(MSA)

reduced
MSAs
& implicit
trees

Caa Cbb Cab

0.0

+1.0

correlation 
values 
distributions

e) correlated mutations

intra-protein inter-protein

intra- and inter-
protein correlated
mutations

interaction index between a and b

reduced
MSAs

prot. a prot. b prot. a prot. bprot. a prot. b

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.



Conservation of gene neighboring

Dandekar, T., Snel, B., Huynen, M. & Bork, P. (1998). 
Conservation of gene order: a fingerprint of proteins that
physicaly interact. Trends Biochem Sci. 23, 324-328.

Overbeek, R., Fonstein, M., D'Souza, M., Pusch, G. D. &
Maltsev, N. (1999). Use of contiguity on the chromosome to 
predict functional coupling. In Silico Biol. 1, 93-108.



Enright, A. J., Iliopoulos, I., Kyrpides, N. C. & Ouzounis, C. A. (1999). 
Protein interaction maps for complete genomes based on gene fusion 
events. Nature. 402, 86-90.

Gene Fusion

Marcotte, E. M., Pellegrini, M., Ho-Leung, N., Rice, D. W.,
Yeates, T. O. & Eisenberg, D. (1999). Detecting protein 
function and protein-protein interactions from genome 
sequences. Science. 285, 751-753.

http://www.sciencemag.org/content/vol285/issue5428/images/large/se2997711001.jpeg
http://www.sciencemag.org/content/vol285/issue5428/images/large/se2997711002.jpeg
http://www.sciencemag.org/content/vol285/issue5428/images/large/se2997711003.jpeg


Phylogenetic Profiles

•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.

H(A) = - Σp(a) ln p(a) 

pij = -1/logEij

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


Phylogenetic Profiles

•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.



Phylogenetic Profiles

Shakhnovich, B.E. (2005) Improving the precision of the structure-function relationship by considering phylogenetic context.
PLoS Comput Biol, 1, e9.



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)



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

Pazos, F. and Valencia, A. (2001) Similarity of phylogenetic trees as indicator of protein-protein interaction. Protein Eng, 14, 609-614.



Coevolution of Permanent vs. Transient complexes:

Mintseris, J. and Weng, Z. (2005) Structure, function, and evolution of transient and obligate 
protein-protein interactions. Proc Natl Acad Sci U S A, 102, 10930-10935.

Pazos, F. and Valencia, A. (2001) Similarity of phylogenetic trees as indicator of protein-protein interaction. Protein Eng, 14, 609-614.



MirrorTree
Variations

Gertz, J., Elfond, G., Shustrova, A., Weisinger, M., Pellegrini, M., Cokus, S. and Rothschild, B. (2003) Inferring protein interactions 
from phylogenetic distance matrices. Bioinformatics, 19, 2039-2045.

Goh, C.S. and Cohen, F.E. (2002) Co-evolutionary analysis reveals insights into protein-protein interactions. J Mol Biol, 324, 177-192.

Ramani, A.K. and Marcotte, E.M. (2003) Exploiding the co-evolution of interacting proteins to discover interaction specificity. J Mol 
Biol, 327, 273-284.

Sato, T., Yamanishi, Y., Horimoto, K., Toh, H. and Kanehisa, M. (2003) Prediction of protein-protein interactions from phylogenetic
trees using partial correlation coefficient. Genome Informatics, 14, 496-497.

Kim, W.K., Bolser, D.M. and Park, J.H. (2004) Large-scale co-evolution analysis of protein structural interlogues using the global 
protein structural interactome map (PSIMAP). Bioinformatics, 20, 1138-1150. Epub 2004 Feb 1135.

Tan, S., Zhang, Z. and Ng, S. (2004) ADVICE: Automated Detection and Validation of Interaction by Co-Evolution. Nucl. Acids. 
Res., 32, W69-W72. 

Jothi, R., Kann, M.G. and Przytycka, T.M. (2005) Predicting protein-protein interaction by searching evolutionary tree automorphism
space. Bioinformatics, 21, i241-i250.

Mintseris, J. and Weng, Z. (2005) Structure, function, and evolution of transient and obligate protein-protein interactions. Proc Natl 
Acad Sci U S A, 102, 10930-10935. 

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. Variations

Ramani, A.K. & Marcotte, E.M. (2003) Exploiding the co-evolution of interacting proteins to discover interaction specificity. J Mol Biol, 327, 
273-284.
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Protein family A
(i.e. ligands)

Protein family B
(i.e. receptors)
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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.



Testing the method

P00000
List of pairs 
sorted by score

DIP:
516 interactions (E coli)

20,087 pairs calculated
(115 true)
118 proteins with
>=1 calculated true interactor

fraction of 
false positives
0%: perfect
50%: random

(1 int.)

ROC area
1.0: perfect
0.5: random
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Comparison with old methods

P(N) values (sign test):

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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Concomitant detection of non-standard evolutionary events
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r= 0.53 r= 0.72

r<=0.5  25% false pos (vs. 15%)
Excluding them: 13.7% false pos (vs. 15%)

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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Similar approaches

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.
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Computational Methods for Predicting Interaction Partners - Overview
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