Supplementary Methods: Evidence integration using a naïve bayes approach. 

We have used a naïve bayes approach similar to the described by Rhodes and colleagues [1] to integrate the different available information into a predicted likelihood that a given protein pair interacts. We have extracted from the human protein reference database 


[2] ADDIN EN.CITE  protein pairs tagged as interacting in vivo that we considered as our Gold Positive Standard (GPS).  The dataset downloaded on 27/02/2006 contains 8235 in vivo interactions among 3861 proteins. We considered that proteins annotated in the Gene Ontology database 


[3] ADDIN EN.CITE  to belong to the plasma membrane are less likely to interact to proteins belonging to the nucleus and we built a set of negative interactions (our Gold Negative Standard – GNS) from all protein pairs among these proteins (2663352 negative interactions). 

Interaction annotation across species 

We considered that protein interaction information is to some extent conserved across species 


[4,5] ADDIN EN.CITE . We have compiled genetic and physical interactions for S. cerevisiae, D. melanogaster and C. elegans from BIND 


[6] ADDIN EN.CITE , BioGRID [7], Flybase [8] and Wormbase (http://www.wormbase.org).  We have used BLAST [9] to determine protein homology between species. To make the most of this information we used different homology/orthology assignments determining for each the predictive power of identifying human in vivo interactions. We transferred the annotation across species considering four bins of increasing confidence: 1) the best blast hit from each of the species to H. sapiens; 2) the best blast hit from each of the species to H. sapiens with E value <1E-10; 3) indirect reciprocal best blast hit; 4) the reciprocal best blast hit. We defined a human protein as an indirect reciprocal best hit of a protein A in another species when the human protein’s best blast hit (A’) likely originated by duplication from A. When A’ is the best blast hit of A in that genome with an E value <1E-30.

Human gene co-expression 

Gene expression information has been used to increase the confidence in predicting protein interactions [1]. Co-expressed human gene pairs were taken from the literature 


[10,11] ADDIN EN.CITE  and stratified into two bins according to the level of confidence of co-expression. The smaller bin of high confidence co-expressed genes was taken from [10] that can be found online (www.bcgsc.ca/project/bomge/coexpression/).

Gene Ontology annotations

Proteins pairs that participate in the same biological processes or have similar molecular functions are more likely to interact. We have binned protein pairs with increasing number of shared GO annotations 


[3] ADDIN EN.CITE  on biological processes or molecular functions and we tested the predictive power of each bin (see tables 3 and 4). 

Shared binding partners 

Protein pairs sharing binding partners are more probably interacting than random proteins given that they more likely belong to the same pathway or complex. We created a human interaction network combining the interactions in the Human Protein Reference Database 


[2] ADDIN EN.CITE  with two recent yeast-two-hybrid studies 


[12,13] ADDIN EN.CITE . We then binned human protein pairs with increasing number of shared partners and for each bin calculated the likelihood of detecting an in vivo interaction. 

Naïve bayes approach 

We have used a similar bayes approach as the one used to predict yeast complexes 


[14] ADDIN EN.CITE  and human protein-protein interactions [1]. We want to determine how the evidence observed impacts on the odds that a pair of proteins interacts. Defining the prior odds (Oprior) as the odds that two random proteins interact, the posterior odds (Oposterior) are the odds that two proteins interact given new predictive evidences. The posterior odds can be calculated as:

Oposterior = Oprior * L(f1…fn)
Where L(f1…fn) is the likelihood ratio given by:

L = P(f1…fn | pos) / P(f1…fn | neg)

Where fi is the evidence found for a protein interaction in dataset i. 

Assuming that the datasets are conditionally independent L can be calculated as the product of individual likelihood ratios:

LR = LRint_transfer × LRco-exp × LRGO × LRshared_int
 Where LRint_transfer is the likelihood ratio obtained from interaction transfer, LRco-exp is the likelihood ratio obtained from gene co-expression information, LRGO is the likelihood ratio obtained from Gene Ontology information and LRshared_int is the likelihood ratio obtained from the number of shared binding partners. Within each of the evidence types we have different confidence bins for which we calculated likelihood ratios (see tables 1 to 5) by determining the overlap with the gold positive and negative sets. When multiple evidences were observed within one of the data types we have taken the highest likelihood value. 

Estimating prior odds 

We estimated the prior odds that two proteins interact in vivo using the interactions in the HPRD that we included in our Gold Positive Set. As we mentioned above, the dataset contains 8235 in vivo interactions among 3861 proteins.  The odds that two of these proteins interact are approximately 0.0011 or approximately 1 in 900. Therefore the posterior odds that two proteins interact in vivo are:

 Oposterior = 0.0011 * L(f1…fn)
In order to have 50% or higher likelihood of being a true interaction the likelihood ratio should equal or above 900. This should be considered a conservative estimate of the posterior odds for two different reasons. The dataset used is probably not complete and therefore the likelihood that two random proteins will interact is possibly higher. Also, we are in this study focusing on the interactions of Ras containing proteins with Rbd containing proteins that are more likely to interact than any random proteins. There are 10 interactions in our GPS between one of the 20 Ras containing proteins and one of the 52 Rbd containing proteins. The odds that these proteins interact without any other evidence is approximately 0.0096, about 9 times higher than for a random protein pair. We have not used this value as prior odds because it might not be representative of the true value given the small number of proteins and interactions currently studied. 

Tables of likelihood ratios

Estimation of Likelihood Ratio for interactions transfer across species.

We have calculated the overlap of predicted human interactions with the GPS and GNS and used this information to calculate a likelihood ratio for this evidence type. The interactions were predicted using available physical and genetic interactions for S. cerevisiae, D. melanogaster and C. elegans. We have used four types of homology/orthology detection using BLAST: RBH – reciprocal best blast hit; IRBH – indirect reciprocal best blast hit; best homolog with an E value smaller than 1E-10 and simple the best blast hit with no E value cut off.  We defined a human protein as an indirect reciprocal best hit of a protein A in another species when the human protein’s best blast hit (A’) likely originated by duplication from A. When A’ is the best blast hit of A in that genome with an E value <1E-30.

	Interaction type
	Homology type
	N(pos)
	N(neg)
	p(pos)
	p(neg)
	LR p(pos)/p(neg)

	D.melanogaster Physical interactions
	RBH
	59
	38
	0.007165
	1.43E-05
	502.1499

	
	IRBH
	52
	52
	0.006315
	1.95E-05
	323.4186

	
	best homolog <1E-10
	53
	73
	0.006436
	2.74E-05
	234.8107

	
	best blast hit
	57
	166
	0.006922
	6.23E-05
	111.0534

	D.melanogaster Genetic interactions
	RBH
	79
	74
	0.009593
	2.78E-05
	345.2712

	
	IRBH
	83
	74
	0.010079
	2.78E-05
	362.7533

	
	best homolog <1E-10
	89
	82
	0.010808
	3.08E-05
	351.0275

	
	best blast hit
	90
	101
	0.010929
	3.79E-05
	288.1948

	S. cerevisiae Physical interactions
	RBH
	121
	10
	0.014693
	3.75E-06
	3913.365

	
	IRBH
	133
	16
	0.016151
	6.01E-06
	2688.417

	
	best homolog <1E-10
	150
	33
	0.018215
	1.24E-05
	1470.084

	
	best blast hit
	181
	111
	0.021979
	4.17E-05
	527.3762

	S. cerevisiae Complexes
	RBH
	213
	38
	0.025865
	1.43E-05
	1812.846

	
	IRBH
	233
	43
	0.028294
	1.61E-05
	1752.477

	
	best homolog <1E-10
	255
	79
	0.030965
	2.97E-05
	1043.946

	
	best blast hit
	310
	165
	0.037644
	6.2E-05
	607.6349

	S. cerevisiae Genetic interactions
	RBH
	93
	11
	0.011293
	4.13E-06
	2734.357

	
	IRBH
	104
	76
	0.012629
	2.85E-05
	442.5728

	
	best homolog <1E-10
	109
	82
	0.013236
	3.08E-05
	429.9101

	
	best blast hit
	141
	182
	0.017122
	6.83E-05
	250.5605

	C. elegans Physical interactions
	RBH
	18
	9
	0.002186
	3.38E-06
	646.8372

	
	IRBH
	18
	12
	0.002186
	4.51E-06
	485.1279

	
	best homolog <1E-10
	19
	20
	0.002307
	7.51E-06
	307.2477

	
	best blast hit
	20
	57
	0.002429
	2.14E-05
	113.4802

	C. elegans Genetic interactions
	RBH
	73
	37
	0.008865
	1.39E-05
	638.0961

	
	IRBH
	80
	38
	0.009715
	1.43E-05
	680.8812

	
	best homolog <1E-10
	91
	47
	0.01105
	1.76E-05
	626.1934

	
	best blast hit
	99
	55
	0.012022
	2.07E-05
	582.1534


Estimation of Likelihood Ratio for protein pairs sharing interaction partners. We binned human protein pairs with increasing number of shared interactions and for each bin calculated the overlap with the GPS and GNS and used this information to calculate a likelihood ratio.
	Minimal N of shared Interactions
	N(pos)
	N(neg)
	p(pos)
	p(neg)
	LR=p(pos)/p(neg)

	1
	4114
	5445
	1.065527
	0.002044
	521.1889

	2
	2286
	775
	0.592075
	0.000291
	2034.714

	3
	1372
	269
	0.355348
	0.000101
	3518.282

	4
	882
	121
	0.228438
	4.54E-05
	5028.193

	5
	579
	57
	0.149961
	2.14E-05
	7007.006

	6
	405
	32
	0.104895
	1.2E-05
	8730.393

	7
	289
	17
	0.074851
	6.38E-06
	11726.75

	8
	229
	9
	0.059311
	3.38E-06
	17551.8


Estimation of Likelihood Ratio for protein pairs sharing biological processes. We binned human protein pairs with increasing number of shared biological processes as determined by GO annotations and for each bin calculated the overlap with the GPS and GNS and used this information to calculate a likelihood ratio.
	Minimal number of shared GO process
	N(pos)
	N(neg)
	p(pos)
	p(neg)
	LR=p(pos)/p(neg)

	1
	3032
	74242
	0.368185
	0.027875
	13.20823

	2
	1141
	3244
	0.138555
	0.001218
	113.7548

	3
	361
	213
	0.043837
	8E-05
	548.1413

	4
	100
	18
	0.012143
	6.76E-06
	1796.77

	5
	36
	1
	0.004372
	3.75E-07
	11643.07


Estimation of Likelihood Ratio for protein pairs sharing molecular functions. We binned human protein pairs with increasing number of shared molecular functions as determined by GO annotations and for each bin calculated the overlap with the GPS and GNS and used this information to calculate a likelihood ratio.

	Minimal number of shared GO functions
	N(pos)
	N(neg)
	p(pos)
	p(neg)
	LR=p(pos)/p(neg)

	1
	3945
	321961
	0.479053
	0.120886
	3.96286

	2
	1244
	40577
	0.151063
	0.015235
	9.91529

	3
	545
	6131
	0.066181
	0.002302
	28.74949

	4
	302
	1641
	0.036673
	0.000616
	59.52006

	5
	157
	716
	0.019065
	0.000269
	70.9172

	6
	61
	145
	0.007407
	5.44E-05
	136.0589

	7
	15
	20
	0.001821
	7.51E-06
	242.5639

	8
	6
	4
	0.000729
	1.5E-06
	485.1279


Estimation of Likelihood Ratio for co-expressed protein pairs. We binned human proteins pairs into co-expressed pairs or a set of high confidence co-expression and for both cases calculated the overlap with the GPS and GNS. We have used this information to calculate likelihood ratio scores.

	Co-expression
	N(pos)
	N(neg)
	p(pos)
	p(neg)
	LR=p(pos)/p(neg)

	Co-expressed genes
	825
	55359
	0.100182
	0.020785
	4.819818

	High-confidence co-expressed genes
	79
	408
	0.009593
	0.000153
	62.62272
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