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Abstract
Recent advances in functional genomics have helped generate large-scale high-throughput protein
interaction data. Such networks, though extremely valuable towards molecular level understanding
of cells, do not provide any direct information about the regions (domains) in the proteins that mediate
the interaction. Here, we performed co-evolutionary analysis of domains in interacting proteins in
order to understand the degree of co-evolution of interacting and non-interacting domains. Using a
combination of sequence and structural analysis, we analyzed protein–protein interactions in F1-
ATPase, Sec23p/Sec24p, DNA-directed RNA polymerase and nuclear pore complexes, and found
that interacting domain pair(s) for a given interaction exhibits higher level of co-evolution than the
noninteracting domain pairs. Motivated by this finding, we developed a computational method to
test the generality of the observed trend, and to predict large-scale domain–domain interactions.
Given a protein–protein interaction, the proposed method predicts the domain pair(s) that is most
likely to mediate the protein interaction. We applied this method on the yeast interactome to predict
domain–domain interactions, and used known domain–domain interactions found in PDB crystal
structures to validate our predictions. Our results show that the prediction accuracy of the proposed
method is statistically significant. Comparison of our prediction results with those from two other
methods reveals that only a fraction of predictions are shared by all the three methods, indicating
that the proposed method can detect known interactions missed by other methods. We believe that
the proposed method can be used with other methods to help identify previously unrecognized
domain–domain interactions on a genome scale, and could potentially help reduce the search space
for identifying interaction sites.
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Introduction
Post-genomic advances in molecular biology have helped uncover the intricate interplay
between proteins in metabolic, signaling and regulatory pathways. Identification of protein–
protein interactions is an essential step towards a better understanding of various cellular
processes. Various high-throughput experimental techniques such as mass spectrometry, yeast
two-hybrid, and tandem affinity purification have been used to discover and generate large
scale protein interaction data.1–8 In addition, several computational approaches towards
predicting protein–protein interactions have been proposed in an effort to complement
experimental methods.9–23

Protein–protein interaction networks, though extremely valuable towards molecular level
understanding of cells, do not provide insights on interaction specificity at the domain level.
Most often, it is only a fraction of a protein that directly interacts with its biological partners.
Since two thirds of proteins in prokaryotes and four fifths of proteins in eukaryotes are
multidomain proteins,24,25 interaction between two proteins (either stably or transiently) often
involves binding of pair(s) of domains. Importantly, understanding interaction at the domain
level is a critical step towards a thorough understanding of the protein–protein interaction
networks and their evolution.

Statistical analysis of domain co-occurrence in interacting proteins (known as the Association
Method) have been used towards predicting protein–protein interactions.26–29 The underlying
idea behind this type of approach is to identify domain pairs that co-occur significantly more
often in interacting proteins than in non-interacting proteins, and use this information to identify
new protein–protein interactions. Deng et al.30 applied the Maximum Likelihood Estimation
(MLE) method to infer domain–domain interactions from a given protein interaction network.
They estimated the probability of interaction between every domain pair, and used it to predict
protein–protein interactions. Instead of identifying domain interactions with the goal of
predicting new protein–protein interactions, Nye et al.31 proposed the lowest p-value method,
which focuses on identifying domain–domain interactions that are most likely to mediate a
given protein–protein interaction. They performed a comprehensive comparative analysis of
the association,26 MLE,30 and the lowest p-value31 methods and showed that (i) the overall
prediction accuracy of the MLE and the lowest p-value methods is only as good as a random
method, which is about 55%, and (ii) the association method was the worst among the four
with a prediction accuracy of about 52%. Chen and Liu32 used Random Decision Forest
Framework (RDFF) to predict domain–domain interactions, which are then used to predict
protein–protein interactions. Recently, Riley et al.33 extended ideas from earlier methods26–
28,30 by adding a likelihood ratio test to assess the contribution of each potential domain–
domain interaction to the likelihood of a given set of protein–protein interactions. They
demonstrated that their method performs considerably better than the association and MLE
methods.

At the structural level, considerable amount of work has been done to understand protein/
domain interactions. Littler and Hubbard 34 performed a comprehensive analysis of domain–
domain interactions observed in protein structures in an effort to understand comparative
orientation and interacting surfaces of structurally unsolved domain pairs. Gong et al.35 used
geometric properties/tools such as accessible surface area and Voronoi diagram on Protein
Data Bank (PDB) crystal structures of protein complexes to detect domain interaction
interfaces. Shoemaker et al.36 used a conserved binding mode analysis on domain–domain
interactions inferred from PDB crystal structures to detect binding surfaces of biological
relevance. Neduva et al.37 studied interactions that involve binding between a globular domain
in one protein and a short linear motif (pattern of three to eight residues), and proposed a
systematic approach to discover these motifs. For a comprehensive review of structure-based
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interaction studies, we refer the reader to Aloy and Russell's recent review on protein
interactions.38

Structural information is necessary and critical for a full understanding of molecular/domain
level interaction. However, as the number of interactions with known protein structures is far
fewer than the number of interactions, it makes it difficult to understand domain level
interactions at the genomic scale. Here, we attempt to understand domain–domain interactions
at the sequence level. Specifically, we investigate the relative degree of co-evolution of
domains in interacting proteins to understand whether or not interacting domain pairs exhibit
higher level of co-evolution that those that are non-interacting. The concept of co-evolution
has been widely applied in predicting protein–protein interactions solely based on sequence
information14,16,39–44 as well as the gene expression data.45,46 The underlying assumption
behind this concept is that the interacting partners must co-evolve so that changes in a protein's
binding surface are complemented in the interface of its partner.14,47,48 We use co-
evolutionary analysis to study protein–protein interactions in F1-ATPase, Sec23p/Sec24p,
DNA-directed RNA polymerase, and nuclear pore complexes, and show that the degree of co-
evolution of interacting domain pair(s) between two interacting proteins is higher than that of
non-interacting domain pairs. We then develop a computational method, Relative Co-evolution
of Domain Pairs (RCDP), to test the generality of the observed behavior, and to predict large-
scale domain–domain interactions using the yeast inter-actome. The proposed method, given
a pair of interacting proteins, predicts the domain pair(s) that is most likely to mediate the
interaction. Predicted domain–domain interactions are validated against a set of known
domain–domain interactions found in PDB49 crystal structures (as reported in iPfam50). We
finally compare RCDP's prediction results with those from two other methods, and show that
the RCDP method can predict known domain interactions that are missed by the other methods.

Results and Discussion
Co-evolution of domain pairs in interacting proteins

To assess the degree of co-evolution of domain pairs in interacting proteins, we considered
protein–protein interactions in the Saccharomyces cerevisiae (yeast) genome. A schematic
overview of assessing the degree of co-evolution between two protein/ domain families is
shown in Figure 1. In this type of analysis, multiple sequence alignments of two proteins/
domains for a common set of species are used to construct phylogenetic trees and similarity
matrices. The degree of co-evolution of the two domains is measured by computing a linear
correlation coefficient of the two similarity matrices, which implicitly compares the
evolutionary histories of the two domains.

To study the relative degree of co-evolution of domain pairs in interacting proteins, interacting
proteins are first assigned with Pfam Hidden Markov Model (HMM)51 profiles. Then, as
shown in Figure 2, the correlation (agreement) scores, measuring the degree of co-evolution
of all possible domain pairs between the two interacting proteins, are computed. Multiple
sequence alignment for domain D in protein P is constructed by extracting those regions in
P's multiple sequence alignment that correspond to D (see Materials and Methods for more
details). Under the co-evolution hypothesis, which assumes that interacting domains undergo
correlated mutations, domain pairs that are mediating the interaction between two proteins are
expected to have co-evolved, and thus are expected to have high correlation score. To test this
hypothesis, we began by examining yeast interactions supported by at least one PDB crystal
structure. For a given protein–protein interaction, correlation scores of the interacting domain
pairs (inferred from crystal structures) are compared against those domain pairs not known to
interact to see whether or not the interacting domain pairs do really exhibit relatively high level
of co-evolution. If two interacting proteins, P and Q, have two domains each, then there are a
total of four domain–domain interaction possibilities between them.
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Interactions in F1-ATPase complex
The F1-ATP synthase is a five-subunit catalytic core (in a stoichiometry of 3α, 3β, 1γ, 1δ, and
1ɛ), which uses transmembrane proton motive force generated by photosynthesis or oxidative
phosphorylation to drive the synthesis of ATP from ADP and inorganic phosphate. The central
stalk, comprising 3α, 3β, and 1γ subunits, links F1 complex to the nine-subunit transmembrane
channel through which the protons are pumped (F0 complex). The rod-shaped asymmetrical
γ-subunit rotates inside a cylinder made of three α and β-subunits, arranged alternately52–
56, making contacts with α and β-subunits.

In this complex, we focused our attention on three interactions among the α, β, and γ chains
(genes ATP1, ATP2, ATP3, respectively). The corresponding yeast proteins for the α, β, and
γ chains (YBL099w, YJR121w, YBR039w, respectively) were assigned with Pfam domains.
The α-subunit (YBL099w) was inferred to contain three domains: beta-barrel domain
(PF02874, 2e-18), nucleotide-binding domain (PF00006, 3e-122), and C-terminal domain
(PF00306, 2e-37). The β-subunit (YJR121w), a close homolog of the α-subunit, was inferred
to contain the same three domains as well. The γ-subunit (YBR039w) contained just the ATP
synthase domain (PF00231, 1e-130). Figure 3(a) depicts the domain architecture of the
sequences along with the true domain–domain interactions between the subunits. The results
from co-evolutionary analysis (using orthologs from 22 species) are listed as tables in Figure
3(b), which clearly shows that those domain pairs that interact do, in fact, have relatively high
correlation scores. A cartoon of one of several bovine mitochondrial F1-ATPase crystal
structures (PDB: 1h8e), supporting the interactions, is shown in Figure 3(c). Despite the
complexity of this system, it is remarkable that the degree of co-evolution among the interacting
domain pairs is clearly higher than that among the non-interacting domain pairs. In particular,
between the α and the β chains, seven out of the nine domain pairs that are known to interact
have higher correlation than the two noninteracting domain pairs. In comparison, an approach
that picks seven domain pairs out of the nine possibilities at random (without replacement) will
have a 0.028 probability (p-value) of getting all its seven picks correct (truly interacting domain
pairs).

Yeast Sec23p/Sec24p heterodimer
Sec23p (YPR181c) and Sec24p (YIL109c) are components of the Sec23p-Sec24p
heterodimeric complex of the COPII vesicle, which carries proteins from the endoplasmic
reticulum (ER) to the Golgi complex.57 YPR181c and YIL109c are structurally related
proteins, consisting of five distinct Pfam domains: zinc finger (PF04810,<1e-19), alpha/beta
trunk domain (PF04811,<1e-124), beta-barrel domain (PF08033,<2e-36), helical domain
(PF04815, <1e-43), and C-terminal gelsolin-like domain (PF00626, 1e-17). The domain
architectures for both the proteins are given in Figure 4(a), showing the lone inter-chain
domain–domain interaction between the two alpha/beta trunk domains.

There are several intra-chain domain–domain interactions within each chain, involving all five
domains (not shown in the Figure). Since, our analysis considers only inter-chain domain pairs
(one in each chain), we considered only the lone inter-chain interaction between the alpha/beta
trunk domains of the Sec23p and Sec24 chains. The correlation scores for all possible inter-
chain domain pairs are listed as a table in Figure 4(b), and the cartoon of the PDB crystal
structure (PDB: 1m2v), supporting the interaction, is shown in Figure 4(c). It is evident from
our analysis that the interacting domain pair indeed has relatively high correlation. However,
it was not the pair with the highest correlation. The domain pair of beta-barrel domain
(PF04811) of Sec23p and alpha/beta trunk domain (PF08033) of Sec24p had the highest
correlation. Since the trunk and beta-barrel domains interact within each chain, and both chains
are remarkably conserved through evolution and are related, it may not be unreasonable to
expect them to have a high correlation. Considering the fact that the lone true interacting
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domain pair has the second highest correlation score, an approach that picks two domain pairs
out of the 25 possibilities at random (without replacement) will have a 0.04 probability (p-
value) of picking the lone interacting domain pair.

Interactions in DNA-directed RNA polymerase complex
From the DNA-directed RNA polymerase complex in yeast, we considered two protein–protein
interactions involving subunit Rpb8. There are several PDB crystal structures that show Rpb8
subunit interacting with smaller subunits Rpb3 and Rpb11, and the largest subunit Rpb1. The
results of our domain-level co-evolutionary analysis for interactions between subunits Rpb8
(YOR224c) and Rpb3 (YIL021w), and subunits Rpb8 and Rpb1 (YDL140c) are shown in
Figure 5(a) and (b), respectively. YOR224c was inferred to contain just one domain:
RNA_pol_Rpb8 (PF03870, 4e-92). YIL021w was assigned with dimeri-sation domain
(PF01193, 1e-19) and insert domain (PF01000, 7e-41), and YDL140c was assigned with seven
domains: clamp domain (PF04997, 7e-178), active site domain (PF00623, 5e-188), pore
domain (PF04983, 2e-69), funnel domain (PF05000, 2e-50), cleft domain (PF04998, 2e-170),
and two mobile module domains (PF04992, 4e-97 and PF04990, 1e-78).

The correlation results for the interaction between Rpb3 and Rpb8 subunits (using orthologs
from a common set of 15 species), listed as a table in Figure 5(a), show that the interacting
domain pair (PF01193, PF03870), shown in the cartoon of crystal structure (PDB: 1y1v), has
a higher level of co-evolution when compared to the non-interacting domain pair (PF01000,
PF03870). The correlation results are not that clear for the interaction between the Rpb1 and
Rpb8 subunits (refer to the table in Figure 5(b)). While two out of the three interacting domain
pairs have high correlation scores, the interaction between the funnel domain (PF05000) and
RNA_pol_Rpb8 (PF03870) has the lowest correlation score among all possible domain pairs.
An approach that picks four domain pairs out of the six possibilities at random (without
replacement) will have a 0.086 probability (p-value) of getting three out its four picks correct
(truly interacting domain pairs).

An interacting domain pair with a low correlation (false negative in some sense) could be
explained using one or both of the following reasons. When assessing the degree of co-
evolution between two domains, we tend to ignore the number of interacting partners a domain
may have. Even though the co-evolutionary hypothesis for interacting domains assumes that
the interacting domains undergo correlated mutations, more specifically, it is actually the
binding surfaces that undergo correlated mutations. A domain having multiple interacting
partners may use distinct patches on its surface to interact with each of its partners.34,58 Each
binding region of a domain is highly specific to its interacting partner. Thus, the surface patches
used by a domain to interact with many interacting partners may undergo independent
correlated mutations with their corresponding interacting partner. As a result, mutations at
different surface patches of a domain need not be correlated (see Figure 6). Consequently, the
degree of co-evolution between two interacting domains, one or both with multiple interacting
partners, may actually be suppressed, resulting in a low correlation score. Thus, it may not
always be the case that a pair of interacting domains, each of which has multiple interacting
partners, has a high correlation score.

Mutations occurring in interacting domains may not be correlated due to many other biological
constraints imposed on them. There may be cases in which the mutations at a binding surface
in a domain may not be followed by compensatory mutations at the binding surface of its
interacting partner. Since protein binding surfaces are relatively more conserved than the rest
of the sequence,59,60 domains with many interacting partners, and thus many surface patches,
are likely to be relatively more conserved than those with few interacting partners.61,62 For
each interacting domain, from its multiple sequence alignment, we computed the sequence
identity of each orthologous domain in reference to the yeast domain. The alignments for Rpb8
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and Rpb1 had orthologs in a common set of 17 species, including yeast. The average sequence
identities for the interacting domains, along with the number of known interacting partners are
listed in Table 1. Interestingly, at least for this example, those domains with many interacting
partners are relatively more conserved than those with few partners.

Exportin Cse1p complexed with its cargo
Nuclear pore complexes serve as a medium for exchange of macromolecules between the
nucleus and the cytoplasm. Carrier proteins that shuttle between the nucleus and the cytoplasm
enable active transport of large molecules through these pore complexes. Importin-alpha Srp1
(YNL189w), which acts as a carrier for many nuclear trafficking processes, binds cargo in the
cytoplasm, moves through the nuclear pore and releases the cargo in the nucleus. The nuclear
envelope protein Cse1p (YGL238w), a yeast homolog of mammalian CAS, recycles importin-
alpha from the nucleus back to the cytoplasm, thereby allowing it to participate in multiple
rounds of nuclear import.63,64

To understand the degree of co-evolution between the interacting domains in this complex, we
first assigned Pfam domains to the proteins. Cse1 (YGL238w) was assigned with importin-
beta N-terminal domain (PF03810, 2e-22), Cse1 domain containing HEAT repeats (PF08506,
7e-275), and Cas/Cse C terminus domain (PF03378, 5e-77). Importin-alpha Srp1 (YNL189w)
was assigned with importin beta binding domain (PF01749, 1e-45) and eight Armadillo repeats
(PF00514, <5e-6). The domain architecture and the domain-level interactions in this complex
are shown in Figure 7. The co-evolution scores for all domain pairs between these chains are
listed as a table in Figure 7(b). Three out of the five interacting domain pairs have high
correlation, implying high level of co-evolution. The remaining two interacting domain pairs
do not have high correlation scores. An approach that picks five domain pairs out of the 29
possibilities at random (without replacement) will have a 0.019 probability (p-value) of getting
two out its five picks correct (truly interacting domain pairs).

For each interacting domain, from its multiple sequence alignment, we computed the sequence
identity of each orthologous domain in reference to the yeast domain. The average sequence
identities for the interacting domains, along with the number of known interacting partners are
listed in Table 2, which shows that those domains with many interacting partners are relatively
more conserved than those with few partners, which is consistent with similar other findings
suggesting that hubs (those proteins/domains with numerous interacting partners) are relatively
more conserved.59–62 If true, this could possibly explain why domains PF03378 and PF08506,
with average sequence identities ~34% and ~46%, respectively, have low correlation with
domain PF00514_8, which happens to have a relatively high average sequence identity at
~75%.

Predicting large-scale domain–domain interactions from the yeast interactome
Motivated by our results that interacting domain pairs (in interacting proteins) have higher
correlation compared to non-interacting domain pairs, we developed a method to test the
generality of the observed trend, and to predict large-scale domain–domain (i.e. Pfam–Pfam)
interactions using the yeast interactome. First, we assigned the interacting yeast protein
sequences with Pfam domains (see Materials and Methods). We then considered only those
interactions involving proteins with at least 50% of their sequence lengths assigned (SLA) with
Pfam domain(s), which we refer to as “test set SLA ≥50%”. A cutoff of 50% was chosen as a
compromise between being sufficiently small to provide enough interactions, and large enough
for assigned domains to contain sufficient binding sites. In addition, we imposed a restriction
that the interacting proteins have orthologs in at least a common set of ten species. This resulted
in a set of 1180 interactions among 654 proteins.

Jothi et al. Page 6

J Mol Biol. Author manuscript; available in PMC 2006 October 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



For each protein–protein interaction, we computed the correlation scores of all possible domain
pairs between the two proteins, and inferred the domain pair(s) with the highest correlation
score to be the interacting pair that is most likely to mediate the protein–protein interaction.
For our set of 1180 protein–protein interactions, we inferred a total of 1222 domain–domain
interactions (Supplementary material S3), 960 of which are unique. In order to validate our
predictions, we used the iPfam database,50 which contains the list of known domain–domain
interactions inferred from PDB crystal structures. We found that 206 out of our 1222
predictions (109 out of the 960 unique predictions ≈11.35%) are in iPfam.

If we restricted our set to only those interactions involving proteins with at least 75% (instead
of 50% before) of their sequence lengths assigned with Pfam domain(s), the percentage of
predictions in iPfam jumps by 52%. Our restricted set, referred to as “test set SLA ≥75%”,
contained a total of 374 protein–protein interactions among 298 proteins. For this set, we
inferred a total of 392 domain–domain interactions (Supplementary material S5), 336 of which
are unique. 58 out of the 336 unique predictions (≈17.26%) are in iPfam. The increase in the
prediction accuracy from 11.35% (for the test set SLA ≥50%) to 17.26% (for the test set SLA
≥75%) indicates that the higher the SLA, the better the prediction accuracy. This is
understandable considering the fact that the binding region in an interacting protein needs to
be contained in one of that protein's domains in order to have any possibility of it being
identified.

We compared our prediction results with those of Chen and Liu's RDFF method32 and Riley
et al.'s DPEA method.33 The objective of this comparison is to find what percent of RCDP's
predictions are confirmed by the other two methods. Chen and Liu used 9834 yeast protein
interactions to infer 4366 domain–domain interactions, out of which 2475 are between Pfam-
A domains while the rest involve Pfam-B domains. Riley et al.'s DPEA method is a statistical
approach, which uses expectation maximization (EM) algorithm as a subroutine. They used a
network of 26,032 protein–protein interactions from 69 organisms to infer a total of 3005
domain–domain interactions, out of which 1812 of them are between Pfam-A domain pairs.
The comparison summary is shown in Figure 8(a), in which we refer to our method as RCDP
(relative co-evolution of domain pairs). Although our analysis shows that the predictions by
the RCDP method are more likely to be in iPfam than those by RDFF or DPEA methods, one
needs to keep in mind that the prediction accuracies of the three methods are not directly
comparable as they all use different datasets of varying sizes. However, the dataset used in our
study is a subset of that used by Chen and Liu, and Riley et al. So, one would expect a good
fraction of our predictions to be confirmed by the other two methods. Interestingly, only about
5% of RCDP's predictions are confirmed by both the RDFF and DPEA methods (Figure 8(b)).
About 14% of RCDP's predictions are confirmed by DPEA alone, and about 23% of RCDP's
predictions are confirmed by RDFF alone. Overall, 31% of RCDP's predictions are confirmed
by DPEA and/or RDFF, indicating that RCDP can predict known domain–domain interactions
missed by the other two. Thus, the RCDP method can be used with other methods to detect
unrecognized domain–domain interactions on a genome scale with wider coverage.

Validation of predicted domain–domain interactions and estimating the true predictive power
of the RCDP method

We used domain pairs found to interact in PDB49 crystal structures, as reported in the iPfam
database,50 as our gold standard to verify the predicted domain–domain interactions. The
iPfam database defines two domains from two different chains to be interacting if and only if
they are close enough in at least one PDB complex to form an interaction. We consider a
predicted interaction between domain Pi in protein P and domain Qj in protein Q to be a true
interaction (true positive) if and only if iPfam lists this pair of domain to be interacting based
on one or more PDB crystal structure evidences.

Jothi et al. Page 7

J Mol Biol. Author manuscript; available in PMC 2006 October 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



An interacting protein pair P and Q is said to contain an iPfam domain–domain interaction
xy if domain x is present in protein P and domain y is present in protein Q, or vice versa. A
given protein–protein interaction may contain more than one iPfam domain–domain
interaction, i.e. out of all possible domain pairs between the two interacting proteins, there may
be more than one domain pair listed in iPfam.

We consider only those domain pairs found to interact in PDB crystal structures, as reported
in iPfam, as true positives. Absence of a domain pair in iPfam does not necessarily mean that
the two domains do not interact. Thus, it may not be fair to consider those predictions (without
PDB evidence) as false positives. It could very well be that a good fraction of them could be
biologically occurring domain interactions. A simple case would be a true protein–protein
interaction, none of whose possible domain pairs are in iPfam. In order to estimate the true
predictive power of the RCDP method, we tested it on a validation set comprising only those
protein–protein interactions satisfying all of the following conditions: (i) is between proteins
with at least 50% of their sequence lengths assigned with Pfam domain(s), (ii) is not between
two one-domain proteins, (iii) contains a domain pair that is known to interact as per iPfam,
and (iv) is between proteins having orthologs in at least a common set of ten species. The
validation set contained a total of 109 protein–protein interactions (Supplementary material
S6), comprising a total of 109 unique domain interactions that are in iPfam.

Ideally, a good domain–domain interaction prediction method should be able to recover all
109 unique known domain–domain interactions present in the validation set. To measure the
percentage of recovery, we use the sensitivity measure, which is the ratio of the number of
unique true positives to the number of unique positives (which is 109). On the validation set
of 109 protein–protein interactions, RCDP predicted 109 unique domain–domain interactions,
out of which 63 are in iPfam. This resulted in a sensitivity of 63/109=57.8%. This is an
underestimation because there may more than one domain pair mediating a given protein–
protein interaction, and since RCDP is designed to find only the pair(s) with the highest
correlation, it may not be able to recover all 109 unique domain–domain interactions present
in the set.

While it is important for any good method to be able to recover the 109 known domain–domain
interactions from the validation set, it is equally important that every predicted domain–domain
interaction is correct. To measure the accuracy of our predictions, we used the positive
predictive value (PPV) defined as:

PPV = TP
TP + FP

where TP is the number of predicted domain pairs that are known to be true (in iPfam), and
FP is the number of predicted domain pairs that are not in the iPfam. RCDP predicted a total
of 147 domain–domain interactions (109 of them are unique) for the validation set, out of which
94 are in iPfam with a PPV of 63.95%. To ensure that the 63.95% prediction accuracy of RCDP
is not by chance, we compared it against a random method. For this, we used the exact same
random strategy used by Nye et al.31, which, for a given protein–protein interaction, picks a
domain pair at random out of all possible domain pairs. Since there could be more than one
interacting domain pair within each interacting protein pair, there is a certain probability that
the domain pair picked at random is a true interaction. We performed 100,000 runs of this
random method on our validation set. The p-value of obtaining a prediction accuracy of
≥63.95% by chance is 1.05×10−2 (z-score: 2.39). The performance of RCDP versus the random
method is shown in Figure 9. On average, the random method is expected to have 55.19
(±0.01)% of its predictions to be in iPfam (Figure 9). RCDP outperforms random by about 9%,
which is significant, considering the fact that Nye et al. showed, on a different dataset, that the
random method performs as good as three other popular methods for predicting domain–
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domain interactions. In particular, Nye et al. showed that one can expect their “lowest p-value”
method, Deng et al.'s MLE method,30 and the random method to have about 55% of their
predictions to be true, and Sprinzak et al.'s association method26 to have about 52% of its
predictions to be true. Since the interaction dataset and domain annotations (SCOP domains)
used in Nye et al.'s study are different from those used in this study, the results are not directly
comparable.

Conclusion
Here, we performed co-evolutionary analysis of domains in interacting proteins to assess
whether or not interacting domain pairs exhibit higher level of co-evolution than non-
interacting domain pairs of a given protein–protein interaction. We used yeast protein–protein
interactions from DNA-directed RNA polymerase complex and F1-ATPase complex among
others in our investigation. Our results indicated that interacting domain pairs exhibit higher
level of co-evolution than the non-interacting domain pairs. Motivated by the results, we
designed a method, called RCDP, to confirm the observed trend, and to predict large-scale
domain–domain (i.e. Pfam-Pfam) interactions using the yeast interactome. A total of 1222
domain–domain interactions from 1180 protein–protein interactions were predicted, out of
which 109 are found in PDB (as reported in iPfam). Through comparison of our predictions
with those from two other methods, we showed that the RCDP method can predict known
domain–domain interactions missed by the other two methods.

The proposed RCDP method may not be suitable for predicting domain–domain interactions
between homodimers (interaction between two copies of the same protein). The reason for this
is that the domain pairs with the highest correlation will be inter-chain homodomains, which
will have the maximum correlation score of one. Although this makes RCDP's results
predictable for homodimers, in reality, it is mostly the case that homodimers are mediated by
inter-chain homodomain interactions. In our set of 1180 protein–protein interactions (SLA
≥50%), we had 71 cases of a protein interacting with itself. For this set of 71 interactions, we
predicted 112 domain–domain interactions, out of which 84 (75%) are found in PDB (as
reported in iPfam).

Although relative co-evolution of interacting domains can be used to predict domain–domain
interactions between two interacting proteins, there are some limitations that apply to any
method based on co-evolution, which could cause false positives and false negatives that one
should be aware of. First of all, this type of analysis assumes that interacting domains/proteins
co-evolve, i.e. undergo correlated mutations, which may not be always true due to numerous
other biological constraints on the interacting domains/proteins. If domain A with multiple
interacting partners undergoes correlated mutations with its interacting partners, then there is
a danger of it not having a high correlation with its partners due to “uncorrelated set of
correlated mutations” (see Figure 4).

Predicted domain–domain interactions are only as good as the accuracy of the protein–protein
interactions used. Domain–domain interactions are predicted under the premise that the given
protein–protein interaction is accurate. If a protein–protein interaction is a false positive, then
one should not expect the predicted domain–domain interaction to be true. Various
studies65–68 have reported that anywhere between 40–60% of the reported protein–protein
interactions could be false-positives, which could potentially explain the false-positives
(≈34%) in predictions by the RCDP method.

Not all interactions are mediated by pairs of globular domains. There are many that involve
binding of a domain in one protein to a short region (approximately three to eight residues) in
another.69,70 Detecting these short length “linear motifs” using sequence comparison is
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difficult due to their tendency to reside in disordered regions in proteins, and limited
conservation outside of closely related species.37 Thus, there is a possibility that the set of
interacting residues may not be part of the domains assigned to a protein. This could lead to
incorrect prediction of domain–domain interactions in such cases. And, there may be more
than one domain pair mediating a protein–protein interaction, and since RCDP is designed to
find only the pair(s) with the highest correlation, it may not be able to recover all interacting
domain pairs.

The orthology detection procedure used in this study may not be sufficiently rigorous for
detecting orthologs. We did attempt to use a very stringent reciprocal BLAST best-hits
approach. But, because of its stringent nature, and our requirement that interacting proteins
have at least ten orthologs from a common set of species, we were unable to obtain a large
enough dataset to make any statistical conclusion. Another issue is that of closely related
paralogs. Since many genes in Eukaryotes are known to have numerous in-paralogs (due to
recent duplications), it makes it difficult to establish one-toone orthology relationships. Our
tests on a few cases to see the effect of including one in-paralog over another had little or no
effect on the co-evolutionary analysis.

Despite these limitations, the RCDP method proves to be extremely useful for inferring
domain–domain interactions. Unlike sophisticated statistical methods, which require a training
set, the RCDP method can directly be used on a given protein–protein interaction to predict
the domain pair that is most likely to mediate the interaction. Since RCDP, DPEA, and RDFF
methods share a small fraction of their predictions, indicating that they can detect known
domain–domain interactions missed by the other, together they can be used to detect
unrecognized domain–domain interactions on a genome scale with wider coverage.

The RCDP method is simple and easy to implement (an implementation of the RCDP algorithm
is available†), and can be used as a tool to guide experimentalists in discovering previously
unrecognized domain–domain interactions. In the future, we would like to investigate whether
there is a possibility of transitivity in co-evolution. That is, if A interacts with B, and B interacts
with C, will A and C exhibit a high degree of co-evolution (assuming that A and C do not
interact) because of their association with a common interacting partner B? If they do, it would
be interesting to know the biological reasons/constraints that require them to co-evolve.

Materials and Methods
Construction of multiple sequence alignments, phylogenetic trees, and similarity matrices

For each protein–protein interaction, multiple sequence alignments for the two proteins were
constructed using MUSCLE71 by searching for their respective orthologs in 93 eukaryotic
genomes ( Supplementary material S1 ). Ortho-logs were obtained by performing a stringent
BLAST search.72 For a given query protein, the best hit in a genome with e-value <1e-5,
sequence identity of at least 35% and an alignment length of at least 75% of the length of both
the query and the hit sequence was considered to be an ortholog. Sequence identity and
alignment length constraints were enforced to eliminate partial hits from consideration.
Multiple sequence alignment for domain D in protein P is constructed by extracting those
regions in P's multiple sequence alignment that corresponds to D.

In order to be able to compare the evolutionary histories of two domains, we require that both
domains have orthologs in at least a common set of ten species. Multiple sequence alignments
of both domains for a common set of species were constructed, followed by the construction

†http://www.ncbi.nlm.nih.gov/CBBresearch/Przytycka/RCDP/
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of phylogenetic trees and similarity matrices using the algorithms provided in the ClustalW
suite.73

Assessment of the agreement between the evolutionary histories of two domains
The extent of agreement between the evolutionary histories of two domains is assessed by
comparing their phylogenetic trees. For comparison of phylogenetic trees, we follow the
standard practice of comparing the corresponding similarity matrices.14,16,39–44 The extent
of agreement between two similarity matrices, A and B, is evaluated using Pearson's correlation
coefficient, given by:

rAB =
∑
i=1

n−1
∑

j=i+1

n
(Aij − Ā)(Bij − B̄)

∑
j=i+1

n−1
∑

j=i+1

n
(Aij − Ā)2 ∑

i=1

n−1
∑

j=i+1

n
(Bij − B̄)2

,

where n is the number of species (rows/columns) represented in the matrices, Aij and Bij are
the evolutionary distances between species i and j in the tree of domains A and B, respectively,
and Ā and B̄ are the mean values of all Aij and Bij respectively. The value of r ranges from
−1.0 to +1.0, with higher r indicating greater agreement between the two matrices, and thus
higher level of co-evolution between the corresponding families.

Inferring domain–domain interactions
For every interacting protein pair, P and Q, all possible domain–domain interactions between
them are considered. Let protein P contain domains {P1, P2, …, Pm} and protein Q contain
domains {Q1, Q2, …, Qn}. The correlation of evolutionary histories of all possible domain
pairs between P and Q is computed, and the domain pair PiQj with the highest level of co-
evolution (whose evolutionary histories correlate the most) is inferred to be the one (or one of
many domain–domain contacts) that is most likely to mediate the interaction between P and
Q. In cases of more than one domain pair having the highest correlation score, all domain pairs
with the highest score are inferred to be interacting. Interestingly, and more often, more than
one domain pair mediate a given protein–protein interaction.

Protein–protein interaction test set
Protein–protein interaction data for Saccharomyces cere-visiae (yeast) from the DIP
database74 (February 2005 release) were used. This set contained a total of 17,471 interactions
underlying 4931 yeast proteins. For domain definition, we used the Pfam database of Hidden
Markov Model (HMM) profiles.51 Only Pfam-A profiles were used to assign domain
definitions to the 4931 interacting proteins, using e-value cutoff of 1e-3.

Only interacting proteins with at least 50% of their sequence lengths assigned onto Pfam
domain(s), and interactions involving them, were considered. This reduced the number of
interactions to 3266 among 1397 proteins. Because of the limitation that interacting protein
pairs have orthologs in at least a common set of ten species, our final test set contained 1180
interactions, underlying 654 proteins (Supplementary material S2). We also considered a
restricted set of interactions, with each interacting protein having at least 75% of its sequence
length assigned onto Pfam domain(s). This restricted set contained a total of 374 interactions
among 298 proteins (Supplementary material S4).

Supplementary information
Supplementary data associated with this article, and an implementation of the RCDP algorithm
is available at URL: http://www.ncbi.nlm.nih.gov/CBBresearch/Przytycka/RCDP/. The
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supplementary data comprises: S1, organisms used in ortholog search; S2, test set 1, containing
1180 yeast protein interactions with SLA ≥50%; S3, RCDP prediction results for the test set
1, containing 1222 domain–domain interactions; S4; test set 2, containing 374 yeast protein
interactions with SLA ≥75%; S5, RCDP prediction results for the test set 2, containing 394
domain–domain interactions; S6, validation set, containing 109 yeast protein interactions with
SLA ≥50%.
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Figure 1.
A schematic overview of the co-evolutionary analysis. Multiple sequence alignments of two
yeast proteins for a common set of species are constructed, followed by the construction of
their phylogenetic trees and similarity matrices. The extent of agreement between the
evolutionary histories of the two yeast proteins is assessed by computing a linear correlation
coefficient between the two similarity matrices.
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Figure 2.
Relative degree of co-evolution of domains in interacting proteins. (a) Domain architecture of
proteins P and Q (shown using gray boxes) that are known to interact (interaction sites are
shown as black boxes). (b) Correlation (agreement) scores, measuring the degree of co-
evolution, for all possible domain pairs in P and Q. Domain pairs that mediate the interaction
between proteins P and Q are expected to have co-evolved, and thus are expected to have a
high correlation score.
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Figure 3.
Interactions among alpha (ATP1), beta (ATP2), and gamma (ATP3) chains of the ATPase. (a)
Protein sequences are shown using thick colored lines: red for the alpha chain, green for the
beta chain, blue for the gamma chain, and black for alpha or beta chain. Pfam domain
annotations are shown using rectangular boxes (not drawn to scale). The names of the protein
sequences are to the left of the domain architecture. Inter-chain domain–domain interactions,
which are known to be true from PDB crystal structures (as inferred in iPfam), are shown using
double-arrow lines in the domain architecture. (b) The correlation scores of all possible domain
pairs between two proteins, sorted in descending order, are listed as tables. Domain pairs that
are known to interact, denoted with Y, have high correlation scores exhibiting high degree of
co-evolution. (c) A bottom view of the cartoon of bovine mitochondrial F1-ATPase PDB
crystal structure (PDB: 1h8e), supporting the interactions, is shown with alpha, beta, and
gamma chains colored in red, green, and blue, respectively.
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Figure 4.
Interaction between Sec23 (YPR181c) and Sec24 (YIL109c) components of the COPII coat
of ER-golgi vesicles. (a) Protein sequences are shown using thick gray lines, and Pfam domain
annotations are shown using colored rectangular boxes (not drawn to scale). The names of the
protein sequences are to the left of the domain architecture. An inter-chain domain–domain
interaction, which is known to be true from a PDB crystal structure (as inferred in iPfam), is
shown using a double arrow line. (b) The correlation scores of all possible domain pairs
between the two proteins, sorted in descending order, are listed as a table. The domain pair that
is known to interact, denoted with Y, has a high correlation score, exhibiting high degree of
co-evolution. (c) A cartoon of PDB crystal structure (PDB: 1m2v), supporting the interaction,
is shown with domain colors consistent with the domain architecture.
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Figure 5.
Inferred domain–domain interactions in DNA-directed RNA polymerase complex. Protein
sequences are shown using thick gray lines, and the domain annotations are shown using
colored rectangular boxes (not drawn to scale). The names of the protein sequences are to the
left of the domain architecture. The correlation scores of all possible domain pairs between the
two proteins, sorted in descending order, are listed as a table. Inter-chain domain–domain
interactions, which are known to be true from PDB crystal structures (as inferred in iPfam),
are shown using double-arrow lines in the domain architecture, and Y in the table. Domain
pairs that are known to interact have high correlation scores, exhibiting high degree of co-
evolution. Cartoons of PDB crystal structures, supporting the interactions, are shown with
domain colors consistent with the domain architecture. (a) Interaction between subunits 3 and
8 of the DNA-directed RNA polymerase (PDB: 1y1v). (b) Interaction between subunits 1 and
8 of the DNA-directed RNA polymerase (PDB : 1y1v). Since PF04998 contains nested domain
PF04992, interaction between PF04998 and PF03870 is considered to be true (denoted by ¶).
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Figure 6.
Uncorrelated set of correlated mutations. Each rectangular box is a cartoon representation of
a multiple sequence alignment of a family of orthologous proteins/domains. There are a total
of six families, A, B, C, D, E, and F. The binding residues of interaction, referred to as binding
surface, between family A and each of the other five families are highlighted using distinct
colors. Under the co-evolutionary hypothesis, which states interacting domains undergo
correlated mutations, mutations at each of A's five surface patches must be correlated with
those at the binding surface in the corresponding interacting partners. However, mutations at
A's five surface patches need not be correlated. As a result, for example, it may be unreasonable
to expect A and E to have similar evolutionary histories even though the corresponding binding
surfaces in A and E may have high correlation.
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Figure 7.
Interaction between importin alpha Srp1 (YNL189w) and nuclear export receptor Cse1
(YGL238w). (a) Protein sequences are shown using thick gray lines, and Pfam domain
annotations are shown using colored rectangular boxes (not drawn to scale). The names of the
protein sequences are to the left of the domain architecture. Inter-chain domain–domain
interactions, which are known to be true from PDB crystal structures (as inferred in iPfam),
are shown using a double arrow line. (b) The correlation scores of all possible domain pairs
between two proteins, sorted in descending order, are listed as a table. Two of the five domain
pairs, which are known to interact (denoted with Y), have high correlation scores, exhibiting
high degree of co-evolution. The reason for the other three known interacting domain pairs not
having high correlation scores could be attributed to “uncorrelated set of correlated-mutations”
illustrated in Figure 4. (c) A cartoon of the PDB crystal structure (PDB: 1wa5), supporting the
interaction, is shown with domain colors consistent with the domain architecture. A subset of
the interaction sites is shown using dotted spheres.
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Figure 8.
(a) An indirect comparison of RCDP's prediction results with those of RDFF32 and
DPEA33 methods. The predictions were validated against the known domain–domain
interactions found in PDB crystal structures (as inferred in iPfam50). The prediction accuracies
of the three methods are not directly comparable as the results are from datasets of varying
sizes. However, the dataset used to test RCDP is a subset of that used by Chen and Liu, and
Riley et al. (b) Only about 5% of RCDP's predictions are confirmed by both DPEA and RDFF
methods. Overall, about 31% of RCDP's predictions are confirmed by either DPEA or RDFF,
with about 14% and 23% of RCDP's predictions confirmed by DPEA and RDFF, respectively.
This indicates that each of these three methods can detect known domain–domain interactions
missed by the other two.
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Figure 9.
Domain–domain interaction predictions results for 109 yeast protein–protein interactions, each
of which (i) is between proteins with at least 50% of their sequence lengths assigned with Pfam
domain(s), (ii) is not an interaction between two one-domain proteins, (iii) contains a domain
pair that is known to interact (as reported iPfam), and (iv) is between proteins having orthologs
in at least a common set of ten species. The performance of RCDP versus a method that picks
a domain pair at random among all possible domain pairs is plotted. The results are broken
down according to the number of potential domain–domain contacts between an interacting
protein pair. RCDP clearly outperforms random picks by about 9%, which is significant (p-
value 1.05×10−2) considering the fact that it has been shown before (Figure 4 in Nye et al.
31), on a different dataset, that random performs as good as three other popular methods26,
30,31 for inferring domain–domain interactions.
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Supplementary material S1
Organisms (taxids) used for ortholog search.

7719
9606
31033
51511
180454
7460
7237
9615
10116
6238
99883
7245
7159
9544
9598
9913
13616
10141
31234
9361
9986
7091
10090
7227
9031
42254
227321
330879
273507
285217
226126
235443
226125
226127
226230
226231
226301
226302
237631
240176
237561
262981
283643
5037

294746
306902
38033
246410
246409
332952
307796
285006
294747
294750
321614
229533
242507
5141

325569
334819
334564
341663
332648
336963
344612
331117
39946
39947
5807
5823
31271
296543
44689
73239
184922
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5664
5691

237895
6239

284593
284592
6035
33169
284590
284812
284591
4932

214684
3702

294381
280699
5693
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Supplementary material S2
Test set 1, containing 1180 yeast protein interactions with SLA ≥ 50%.
Format: <Protein1> <Protein2> <#DomainsInProtein1> <#DomainsInProtein2>

Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YAL012w YMR101c 1 1
YAL036c YJL138c 2 2
YAL038w YNL307c 2 1
YAL038w YOR226c 2 1
YAL054c YNL189w 1 9
YAL062w YNL189w 2 9
YBL002w YKR001c 1 3
YBL002w YKR048c 1 1
YBL002w YNL262w 1 3
YBL002w YOL006c 1 2
YBL002w YOR116c 1 5
YBL002w YOR207c 1 7
YBL002w YPR010c 1 7
YBL003c YDL188c 1 1
YBL022c YLR180w 5 3
YBL026w YDR378c 1 1
YBL026w YER146w 1 1
YBL026w YIL048w 1 2
YBL026w YLR264w 1 1
YBL026w YLR275w 1 1
YBL026w YLR438c-a 1 1
YBL026w YNL147w 1 1
YBL026w YNL287w 1 1
YBL026w YPL249c-a 1 1
YBL030c YEL020w-a 3 1
YBL030c YGL137w 3 5
YBL039c YJR103w 2 2
YBL040c YGR060w 1 1
YBL040c YOL020w 1 1
YBL078c YOR100c 1 3
YBL091c YNL290w 1 2
YBL099w YBR039w 3 1
YBL099w YDR298c 3 1
YBL099w YJR121w 3 3
YBL099w YPL078c 3 1
YBR009c YBR010w 1 1
YBR009c YDR224c 1 1
YBR009c YDR225w 1 1
YBR009c YKL067w 1 1
YBR009c YLR180w 1 3
YBR009c YLR340w 1 2
YBR009c YPR010c 1 7
YBR009c YPR110c 1 2
YBR010w YDR224c 1 1
YBR010w YDR225w 1 1
YBR010w YPL209c 1 1
YBR011c YGL120c 1 4
YBR011c YHR030c 1 1
YBR011c YMR267w 1 1
YBR018c YER081w 2 2
YBR018c YGL137w 2 5
YBR018c YHR030c 2 1
YBR018c YPR054w 2 1
YBR021w YHR042w 1 3
YBR024w YBR024w 1 1
YBR039w YDL047w 1 1
YBR039w YDL145c 1 7
YBR039w YJR068w 1 2
YBR061c YJL097w 1 1
YBR068c YDR046c 1 1
YBR068c YDR385w 1 5
YBR069c YLR343w 1 2
YBR069c YNL064c 1 3
YBR085w YHR002w 3 3
YBR087w YNL088w 1 3
YBR088c YBR087w 2 1
YBR088c YJR068w 2 2
YBR088c YKL113c 2 2
YBR088c YNL290w 2 2
YBR088c YOL094c 2 2
YBR088c YOR116c 2 5
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Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YBR089c-a YJL026w 1 1
YBR089c-a YPL235w 1 2
YBR109c YBR011c 3 1
YBR109c YDR032c 3 1
YBR109c YDR155c 3 1
YBR109c YEL034w 3 2
YBR109c YFR014c 3 2
YBR109c YGR144w 3 2
YBR109c YHR028c 3 2
YBR109c YHR179w 3 1
YBR109c YIL021w 3 2
YBR109c YJR073c 3 1
YBR109c YJR104c 3 1
YBR109c YKL067w 3 1
YBR109c YKL129c 3 3
YBR109c YLL050c 3 1
YBR109c YMR105c 3 4
YBR109c YMR109w 3 4
YBR109c YMR250w 3 1
YBR109c YNL202w 3 1
YBR109c YOL016c 3 2
YBR117c YLR447c 3 1
YBR118w YKL081w 3 3
YBR121c YNL244c 2 1
YBR126c YOR089c 1 3
YBR127c YKL080w 3 1
YBR127c YLR447c 3 1
YBR132c YHR042w 1 3
YBR154c YDL140c 2 7
YBR154c YDR404c 2 2
YBR154c YER125w 2 5
YBR154c YKL144c 2 2
YBR154c YOR116c 2 5
YBR154c YPR110c 2 2
YBR159w YMR279c 1 1
YBR160w YBR038w 1 3
YBR160w YDR097c 1 5
YBR160w YDR212w 1 1
YBR160w YHL035c 1 4
YBR160w YKL129c 1 3
YBR160w YLR086w 1 2
YBR160w YNL102w 1 2
YBR160w YPL209c 1 1
YBR170c YER081w 2 2
YBR170c YGR048w 2 1
YBR170c YLR044c 2 3
YBR176w YBR176w 1 1
YBR176w YNL189w 1 9
YBR192w YER078c 3 2
YBR205w YFL038c 1 3
YBR218c YPR110c 7 2
YBR221c YER081w 2 2
YBR247c YHR148w 1 2
YBR247c YLR180w 1 3
YBR247c YNL075w 1 1
YBR247c YNL244c 1 1
YBR247c YOL010w 1 2
YBR249c YER081w 1 2
YBR249c YPR110c 1 2
YBR252w YNL189w 1 9
YBR291c YHR096c 3 2
YBR296c YLL028w 1 1
YBR298c YBR159w 2 1
YBR298c YLR372w 2 1
YBR298c YMR279c 2 1
YCL025c YBR159w 1 1
YCL025c YCR034w 1 1
YCL025c YER026c 1 1
YCL025c YFL041w 1 3
YCL025c YGR060w 1 1
YCL025c YHL003c 1 2
YCL025c YJR095w 1 3
YCL025c YKL008c 1 2
YCL025c YLR343w 1 2
YCL025c YLR372w 1 1
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Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YCL025c YPL227c 1 1
YCL025c YPL234c 1 2
YCL025c YPL265w 1 1
YCL030c YLR044c 3 3
YCL030c YLR180w 3 3
YCL030c YML124c 3 2
YCL040w YCL040w 2 2
YCL040w YNL189w 2 9
YCR002c YFL018c 2 4
YCR002c YHR107c 2 2
YCR002c YJR076c 2 2
YCR002c YLR314c 2 1
YCR005c YCR005c 1 1
YCR005c YKL085w 1 2
YCR009c YGL137w 1 5
YCR010c YEL063c 1 1
YCR012w YGL137w 1 5
YCR028c YLR372w 1 1
YCR034w YBR069c 1 1
YCR034w YGL055w 1 2
YCR034w YHR094c 1 2
YCR034w YJL219w 1 2
YCR034w YLL028w 1 1
YCR034w YLL061w 1 1
YCR034w YMR058w 1 4
YCR034w YOL020w 1 1
YCR034w YOL030w 1 1
YCR034w YPL274w 1 1
YCR034w YPR156c 1 2
YDL004w YBL099w 1 3
YDL004w YJR121w 1 3
YDL047w YJR072c 1 1
YDL047w YNL101w 1 1
YDL055c YNL189w 2 9
YDL064w YDL064w 1 1
YDL081c YPR086w 1 3
YDL100c YDR304c 2 1
YDL100c YHR057c 2 1
YDL100c YJL153c 2 2
YDL100c YNL055c 2 1
YDL100c YOL126c 2 2
YDL108w YDL140c 1 7
YDL108w YOR151c 1 7
YDL126c YBR170c 5 2
YDL126c YDR037w 5 2
YDL126c YGR048w 5 1
YDL126c YGR078c 5 1
YDL126c YLL039c 5 5
YDL134c YDL188c 1 1
YDL134c YIL021w 1 2
YDL134c YPR110c 1 2
YDL135c YPR165w 1 2
YDL137w YPR110c 3 2
YDL140c YER125w 7 5
YDL143w YKR026c 1 1
YDL145c YCR012w 7 1
YDL145c YDR238c 7 2
YDL145c YGL137w 7 5
YDL145c YNL287w 7 1
YDL145c YPL010w 7 1
YDL164c YBR088c 3 2
YDL164c YEL030w 3 1
YDL164c YLR276c 3 2
YDL171c YBL087c 5 1
YDL171c YDL047w 5 1
YDL171c YPR086w 5 3
YDL188c YBL041w 1 1
YDL188c YDR190c 1 1
YDL188c YER012w 1 1
YDL188c YER094c 1 1
YDL188c YFR050c 1 1
YDL188c YGL011c 1 1
YDL188c YGR135w 1 1
YDL188c YJR009c 1 2
YDL188c YML092c 1 1
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Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YDL188c YMR314w 1 1
YDL188c YOL005c 1 1
YDL188c YOL038w 1 1
YDL188c YOR157c 1 1
YDL188c YPR010c 1 7
YDL188c YPR103w 1 1
YDL192w YDL137w 3 3
YDL192w YNL287w 3 1
YDL192w YPR110c 3 2
YDL192w YPR176c 3 5
YDL219w YDL047w 1 1
YDL229w YNL064c 1 3
YDL236w YNL189w 1 9
YDL245c YHR096c 2 2
YDL245c YJR160c 2 2
YDL246c YDL246c 2 2
YDR012w YER081w 1 2
YDR021w YJR007w 2 2
YDR023w YBL036c 2 1
YDR032c YCR004c 1 1
YDR032c YDR032c 1 1
YDR044w YNL189w 1 9
YDR045c YOR116c 2 5
YDR046c YBR159w 1 1
YDR046c YGR060w 1 1
YDR046c YLR372w 1 1
YDR062w YDR502c 1 3
YDR062w YIL094c 1 1
YDR062w YJR077c 1 3
YDR062w YLR180w 1 3
YDR075w YDR212w 1 1
YDR091c YPR041w 4 2
YDR097c YKR001c 5 3
YDR097c YPL235w 5 2
YDR099w YBR001c 1 2
YDR099w YDR062w 1 1
YDR099w YDR099w 1 1
YDR099w YGR123c 1 3
YDR127w YJL008c 6 1
YDR127w YOR136w 6 1
YDR127w YPL235w 6 2
YDR129c YDR353w 4 2
YDR139c YDR328c 1 2
YDR139c YLR306w 1 1
YDR148c YDR148c 2 2
YDR148c YDR510w 2 1
YDR148c YFL018c 2 4
YDR148c YLR180w 2 3
YDR148c YNL189w 2 9
YDR155c YBR009c 1 1
YDR155c YDR510w 1 1
YDR155c YER081w 1 2
YDR155c YGL194c 1 1
YDR155c YKL103c 1 1
YDR155c YNL244c 1 1
YDR155c YPL235w 1 2
YDR172w YBR143c 3 3
YDR172w YDR172w 3 3
YDR188w YDL047w 1 1
YDR188w YGL137w 1 5
YDR190c YPL235w 1 2
YDR212w YJL164c 1 2
YDR224c YGL058w 1 1
YDR224c YKL103c 1 1
YDR224c YPR041w 1 2
YDR225w YDR224c 1 1
YDR225w YGR103w 1 2
YDR225w YHL001w 1 2
YDR225w YKR048c 1 1
YDR225w YOR116c 1 5
YDR225w YOR207c 1 7
YDR226w YBL036c 2 1
YDR226w YDR177w 2 1
YDR226w YOR176w 2 1
YDR226w YPL031c 2 2
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YDR238c YGL137w 2 5
YDR256c YMR314w 1 1
YDR256c YNL189w 1 9
YDR280w YNL189w 2 9
YDR297w YBR159w 1 1
YDR297w YLL028w 1 1
YDR297w YLR372w 1 1
YDR328c YBR127c 2 3
YDR328c YEL051w 2 1
YDR342c YBL036c 2 1
YDR342c YLR340w 2 2
YDR342c YNL323w 2 1
YDR343c YBL036c 2 1
YDR343c YER081w 2 2
YDR343c YER125w 2 5
YDR343c YGR040w 2 1
YDR353w YOL128c 2 1
YDR378c YLR275w 1 1
YDR378c YNL147w 1 1
YDR382w YBR006w 1 1
YDR385w YDR328c 5 2
YDR404c YDL140c 2 7
YDR404c YGR063c 2 1
YDR404c YOR224c 2 1
YDR430c YBR221c 3 2
YDR430c YER178w 3 1
YDR430c YFL018c 3 4
YDR430c YNL071w 3 3
YDR487c YNL189w 1 9
YDR497c YLL028w 2 1
YDR508c YBR159w 1 1
YDR508c YMR279c 1 1
YDR510w YDL064w 1 1
YDR510w YDR510w 1 1
YDR510w YNL088w 1 3
YDR510w YNL189w 1 9
YDR516c YCL040w 2 2
YDR529c YBR082c 1 1
YEL011w YPR086w 2 3
YEL021w YEL021w 1 1
YEL027w YBR298c 2 2
YEL027w YLL028w 2 1
YEL027w YLR034c 2 1
YEL034w YLR340w 2 2
YEL046c YEL046c 1 1
YEL046c YNL189w 1 9
YEL054c YDL081c 2 1
YEL054c YDR382w 2 1
YEL054c YOL039w 2 1
YEL063c YBL040c 1 1
YEL063c YBR159w 1 1
YEL063c YCR034w 1 1
YEL063c YFL041w 1 3
YEL063c YJL196c 1 1
YEL063c YLR343w 1 2
YEL063c YLR372w 1 1
YEL063c YOR161c 1 1
YEL063c YPL234c 1 2
YEL069c YPR110c 2 2
YEL071w YPR165w 2 2
YER009w YNL189w 1 9
YER012w YBL041w 1 1
YER012w YER094c 1 1
YER012w YFR050c 1 1
YER012w YGL011c 1 1
YER012w YGR135w 1 1
YER012w YJL001w 1 1
YER012w YML092c 1 1
YER012w YMR314w 1 1
YER012w YOL038w 1 1
YER012w YPR103w 1 1
YER017c YBR247c 3 1
YER017c YFL018c 3 4
YER017c YMR089c 3 3
YER020w YGL245w 2 2
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YER020w YNL037c 2 1
YER020w YPL036w 2 3
YER025w YBL026w 2 1
YER025w YER146w 2 1
YER025w YJR007w 2 2
YER025w YKR026c 2 1
YER025w YPR110c 2 2
YER026c YDR297w 1 1
YER026c YGR060w 1 1
YER026c YMR058w 1 4
YER036c YNL142w 2 1
YER043c YKL161c 2 1
YER057c YNL189w 1 9
YER073w YPR086w 1 3
YER081w YBR143c 2 3
YER081w YCR072c 2 8
YER081w YDL168w 2 2
YER081w YDR105c 2 1
YER081w YER078c 2 2
YER081w YER081w 2 2
YER081w YFL037w 2 2
YER081w YGR020c 2 1
YER081w YPL234c 2 2
YER081w YPR016c 2 1
YER086w YER086w 3 3
YER086w YKL081w 3 3
YER094c YGL011c 1 1
YER126c YCR072c 1 8
YER126c YKR081c 1 1
YER126c YPR016c 1 1
YER133w YGR103w 1 2
YER133w YJR007w 1 2
YER133w YKL085w 1 2
YER133w YKR002w 1 3
YER133w YLR134w 1 3
YER146w YCR024c 1 2
YER146w YDR378c 1 1
YER146w YER131w 1 1
YER146w YER146w 1 1
YER146w YIL048w 1 2
YER146w YLR058c 1 1
YER146w YLR275w 1 1
YER146w YNL147w 1 1
YER146w YPL090c 1 1
YER146w YPL152w 1 1
YER146w YPR010c 1 7
YER148w YKL058w 2 2
YER148w YKR001c 2 3
YER148w YPR086w 2 3
YER156c YFL038c 1 3
YER170w YKL002w 2 1
YER177w YDR062w 1 1
YER177w YDR099w 1 1
YER177w YGL115w 1 2
YER177w YNL189w 1 9
YER178w YBR221c 1 2
YER178w YGL137w 1 5
YFL005w YFL038c 3 3
YFL016c YFL016c 3 3
YFL016c YJR045c 3 1
YFL017c YBL072c 1 1
YFL017c YNL189w 1 9
YFL017c YOL059w 1 2
YFL018c YBR221c 4 2
YFL022c YKR026c 1 1
YFL028c YFL028c 1 1
YFL041w YLL028w 3 1
YFL041w YML123c 3 2
YFL041w YPR156c 3 2
YFL045c YLR343w 2 2
YFL045c YNL189w 2 9
YFL059w YFL059w 1 1
YFL059w YNL189w 1 9
YFL060c YFL059w 2 1
YFL060c YMR096w 2 1
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YFR009w YLR058c 2 1
YFR047c YFR047c 2 2
YFR047c YNL189w 2 9
YFR050c YGL011c 1 1
YFR050c YML092c 1 1
YFR053c YER081w 2 2
YGL006w YDR339c 4 1
YGL008c YHR030c 3 1
YGL019w YBR009c 1 1
YGL019w YGL019w 1 1
YGL019w YGL115w 1 2
YGL019w YIL118w 1 2
YGL019w YNL088w 1 3
YGL019w YOR039w 1 1
YGL040c YGL040c 1 1
YGL040c YNL189w 1 9
YGL054c YLR372w 1 1
YGL055w YBR159w 2 1
YGL062w YPR110c 9 2
YGL087c YDR092w 1 1
YGL087c YER125w 1 5
YGL120c YPR182w 4 1
YGL130w YBR221c 3 2
YGL130w YDL140c 3 7
YGL130w YGL120c 3 4
YGL135w YER081w 1 2
YGL137w YBR187w 5 2
YGL137w YDR212w 5 1
YGL137w YKL081w 5 3
YGL137w YKL166c 5 2
YGL156w YPR110c 2 2
YGL206c YBR169c 7 1
YGL206c YIL094c 7 1
YGL206c YKR026c 7 1
YGL206c YPL106c 7 1
YGL221c YGL221c 1 1
YGL221c YNL189w 1 9
YGL234w YBL026w 5 1
YGL234w YJR068w 5 2
YGL234w YKL166c 5 2
YGL234w YOL094c 5 2
YGL238w YLR293c 3 2
YGL238w YNL189w 3 9
YGL253w YGL253w 2 2
YGR020c YEL051w 1 1
YGR024c YGR024c 1 1
YGR040w YBL022c 1 5
YGR040w YDR190c 1 1
YGR040w YGL008c 1 3
YGR040w YGL062w 1 9
YGR040w YGL245w 1 2
YGR040w YJR072c 1 1
YGR040w YKR048c 1 1
YGR040w YLL039c 1 5
YGR040w YML123c 1 2
YGR040w YOL033w 1 1
YGR040w YPR010c 1 7
YGR048w YHR039c-a 1 1
YGR060w YBR159w 1 1
YGR060w YDR343c 1 2
YGR060w YGL001c 1 4
YGR060w YKL008c 1 2
YGR060w YLL028w 1 1
YGR060w YLR343w 1 2
YGR060w YLR372w 1 1
YGR060w YPR028w 1 1
YGR078c YLR200w 1 1
YGR078c YLR212c 1 2
YGR087c YHR030c 3 1
YGR088w YNL189w 1 9
YGR103w YFR031c-a 2 2
YGR103w YHR066w 2 1
YGR103w YKR081c 2 1
YGR103w YNL189w 2 9
YGR103w YPR016c 2 1
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YGR103w YPR041w 2 2
YGR133w YGR133w 1 1
YGR135w YGL011c 1 1
YGR135w YNL244c 1 1
YGR144w YGR144w 2 2
YGR155w YBR088c 2 2
YGR155w YGR040w 2 1
YGR155w YJR045c 2 1
YGR155w YNL189w 2 9
YHR005c-a YBL030c 1 3
YHR005c-a YEL020w-a 1 1
YHR007c YPL274w 1 1
YHR008c YBR061c 2 1
YHR018c YGL137w 1 5
YHR018c YNL189w 1 9
YHR018c YNL244c 1 1
YHR019c YNL244c 2 1
YHR030c YJL138c 1 2
YHR030c YLR262c 1 3
YHR030c YPR054w 1 1
YHR039c-a YBR127c 1 3
YHR039c-a YGR020c 1 1
YHR042w YAL067c 3 1
YHR068w YNL189w 1 9
YHR074w YHR074w 2 2
YHR075c YDL134c 1 1
YHR075c YDL188c 1 1
YHR088w YPR016c 1 1
YHR094c YLR372w 2 1
YHR096c YDL047w 2 1
YHR096c YDL095w 2 2
YHR107c YER091c 2 2
YHR107c YFL045c 2 2
YHR107c YGL062w 2 9
YHR107c YGL245w 2 2
YHR107c YHR107c 2 2
YHR107c YKL056c 2 1
YHR107c YLR314c 2 1
YHR107c YML056c 2 2
YHR111w YHR111w 3 3
YHR113w YHR113w 1 1
YHR169w YDR238c 2 2
YHR169w YHR179w 2 1
YHR169w YIL125w 2 2
YHR169w YJL026w 2 1
YHR169w YJL138c 2 2
YHR169w YMR105c 2 4
YHR174w YIL091c 2 1
YHR179w YHR030c 1 1
YHR179w YOL128c 1 1
YHR183w YHR030c 2 1
YHR183w YKL085w 2 2
YHR183w YPR110c 2 2
YHR193c YHR030c 2 1
YHR208w YJR148w 1 1
YHR216w YNL189w 2 9
YIL021w YBR154c 2 2
YIL021w YDR404c 2 2
YIL021w YER125w 2 5
YIL021w YOR224c 2 1
YIL033c YER133w 3 1
YIL033c YIL035c 3 1
YIL033c YJL164c 3 2
YIL033c YJR017c 3 2
YIL033c YKL166c 3 2
YIL033c YMR022w 3 1
YIL033c YNL093w 3 3
YIL033c YNL189w 3 9
YIL033c YPL203w 3 2
YIL033c YPR086w 3 3
YIL034c YBR264c 1 3
YIL034c YBR291c 1 3
YIL034c YCL035c 1 1
YIL035c YBL002w 1 1
YIL035c YBR009c 1 1
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YIL035c YBR010w 1 1
YIL035c YDR225w 1 1
YIL035c YGL019w 1 1
YIL035c YGL115w 1 2
YIL035c YGR103w 1 2
YIL035c YHL035c 1 4
YIL035c YIL118w 1 2
YIL035c YJL087c 1 2
YIL035c YLR197w 1 3
YIL035c YML069w 1 2
YIL035c YNL262w 1 3
YIL035c YNL330c 1 1
YIL035c YOR039w 1 1
YIL035c YOR061w 1 1
YIL035c YPR016c 1 1
YIL074c YER081w 2 2
YIL074c YIL074c 2 2
YIL094c YBL039c 1 2
YIL094c YHR030c 1 1
YIL094c YKR048c 1 1
YIL109c YLR026c 5 2
YIL118w YEL020c 2 3
YIL125w YDR148c 2 2
YIL125w YFL018c 2 4
YIL125w YIL125w 2 2
YIL142w YDL047w 1 1
YIL142w YDL080c 1 3
YIL142w YDR075w 1 1
YIL142w YDR212w 1 1
YIL142w YGL137w 1 5
YIL142w YGR040w 1 1
YIL145c YLR447c 1 1
YIR034c YLR354c 2 1
YJL001w YGL011c 1 1
YJL001w YOR157c 1 1
YJL001w YPR054w 1 1
YJL014w YDR075w 1 1
YJL026w YDL047w 1 1
YJL026w YGL137w 1 5
YJL026w YJL026w 1 1
YJL026w YPR054w 1 1
YJL034w YJL034w 1 1
YJL034w YMR214w 1 3
YJL034w YMR297w 1 2
YJL053w YDR372c 1 1
YJL060w YBR160w 1 1
YJL060w YLR314c 1 1
YJL087c YLR447c 2 1
YJL138c YBL039c 2 2
YJL138c YBR126c 2 1
YJL153c YJL190c 2 1
YJL164c YJL164c 2 2
YJL164c YKL166c 2 2
YJL164c YNL093w 2 3
YJL164c YPL203w 2 2
YJL167w YJL167w 1 1
YJL167w YNL244c 1 1
YJL196c YBR159w 1 1
YJL196c YCR034w 1 1
YJL196c YDR297w 1 1
YJL196c YIL048w 1 2
YJL196c YLR372w 1 1
YJL196c YMR058w 1 4
YJL196c YNL101w 1 1
YJL214w YBR159w 2 1
YJL214w YLR372w 2 1
YJL219w YBR159w 2 1
YJL219w YLR447c 2 1
YJR007w YCR053w 2 1
YJR007w YJL138c 2 2
YJR017c YDL140c 2 7
YJR017c YDR343c 2 2
YJR017c YIL021w 2 2
YJR017c YPR086w 2 3
YJR024c YJR024c 1 1
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YJR045c YJL143w 1 1
YJR045c YJR045c 1 1
YJR063w YBR154c 2 2
YJR063w YDR196c 2 1
YJR063w YOR224c 2 1
YJR063w YPR010c 2 7
YJR063w YPR110c 2 2
YJR068w YBR087w 2 1
YJR068w YEL013w 2 8
YJR068w YNL189w 2 9
YJR068w YNL290w 2 2
YJR068w YOL094c 2 2
YJR072c YLR243w 1 1
YJR076c YDL064w 2 1
YJR076c YHR107c 2 2
YJR076c YLR314c 2 1
YJR076c YNL088w 2 3
YJR077c YBR069c 3 1
YJR103w YJR103w 2 2
YJR105w YDL047w 1 1
YJR109c YBL039c 5 2
YJR109c YHR169w 5 2
YJR109c YJR068w 5 2
YJR121w YBR039w 3 1
YJR121w YDR298c 3 1
YJR121w YJR121w 3 3
YJR121w YPL078c 3 1
YJR159w YDL246c 2 2
YJR159w YLR447c 2 1
YJR159w YNL189w 2 9
YJR160c YLR372w 2 1
YKL002w YER031c 1 3
YKL002w YER044c 1 1
YKL002w YGR020c 1 1
YKL008c YBR159w 2 1
YKL008c YHL003c 2 2
YKL008c YLR372w 2 1
YKL013c YKL129c 1 3
YKL013c YMR109w 1 4
YKL013c YNR035c 1 1
YKL029c YDL047w 2 1
YKL029c YGL137w 2 5
YKL029c YLR447c 2 1
YKL029c YPR054w 2 1
YKL060c YOR116c 1 5
YKL067w YKL067w 1 1
YKL078w YGL137w 4 5
YKL080w YEL051w 1 1
YKL081w YBR025c 3 2
YKL081w YGL245w 3 2
YKL085w YDR129c 2 4
YKL085w YOL128c 2 1
YKL085w YPR110c 2 2
YKL103c YKL103c 1 1
YKL103c YNL189w 1 9
YKL104c YBL087c 3 1
YKL104c YDR062w 3 1
YKL104c YGR040w 3 1
YKL104c YKL081w 3 3
YKL104c YKL161c 3 1
YKL104c YLR058c 3 1
YKL104c YPR110c 3 2
YKL106w YLR447c 1 1
YKL113c YLR447c 2 1
YKL129c YMR109w 3 4
YKL135c YGL206c 1 7
YKL135c YHR068w 1 1
YKL135c YLR170c 1 1
YKL135c YNL189w 1 9
YKL135c YPL259c 1 2
YKL135c YPR010c 1 7
YKL144c YOR116c 2 5
YKL144c YPR110c 2 2
YKL152c YDL090c 1 5
YKL152c YKL129c 1 3
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YKL152c YMR109w 1 4
YKL165c YLR372w 2 1
YKL165c YPR028w 2 1
YKL166c YKL166c 2 2
YKL166c YML001w 2 3
YKL166c YNL093w 2 3
YKL180w YGR118w 1 1
YKR002w YGR048w 3 1
YKR002w YNL189w 3 9
YKR002w YNL222w 3 1
YKR014c YNL093w 3 3
YKR026c YBL030c 1 3
YKR026c YEL051w 1 1
YKR026c YER146w 1 1
YKR026c YHL032c 1 2
YKR026c YJR007w 1 2
YKR026c YJR072c 1 1
YKR026c YKR026c 1 1
YKR026c YLR289w 1 5
YKR026c YLR432w 1 2
YKR026c YMR145c 1 2
YKR026c YMR267w 1 1
YKR030w YER031c 1 3
YKR039w YBR159w 1 1
YKR048c YDR002w 1 1
YKR048c YJR045c 1 1
YKR048c YMR139w 1 2
YKR081c YPR016c 1 1
YLL001w YLL001w 3 3
YLL028w YBR159w 1 1
YLL057c YLL057c 1 1
YLL061w YBR159w 1 1
YLL061w YLR372w 1 1
YLR005w YLR005w 2 2
YLR026c YDR189w 2 1
YLR026c YNL049c 2 5
YLR027c YLR027c 1 1
YLR027c YLR314c 1 1
YLR027c YNL244c 1 1
YLR038c YML125c 1 2
YLR044c YBR069c 3 1
YLR056w YBR159w 1 1
YLR056w YIL074c 1 2
YLR056w YLL028w 1 1
YLR058c YNL189w 1 9
YLR070c YLR070c 2 2
YLR109w YLR109w 1 1
YLR109w YLR340w 1 2
YLR109w YMR022w 1 1
YLR134w YLR447c 3 1
YLR134w YNL244c 3 1
YLR153c YNL244c 1 1
YLR153c YPR165w 1 2
YLR163c YHR024c 2 2
YLR163c YLR086w 2 2
YLR172c YOR159c 1 1
YLR175w YBR247c 3 1
YLR175w YDL208w 3 1
YLR175w YHR072w-a 3 1
YLR175w YLR134w 3 3
YLR175w YLR197w 3 3
YLR175w YMR205c 3 2
YLR175w YNL189w 3 9
YLR175w YNL307c 3 1
YLR180w YBL039c 3 2
YLR180w YER090w 3 2
YLR186w YBR247c 1 1
YLR186w YHR179w 1 1
YLR197w YNL088w 3 3
YLR209c YNL189w 1 9
YLR212c YLR200w 2 1
YLR215c YER025w 1 2
YLR215c YLR447c 1 1
YLR216c YDR353w 2 2
YLR216c YGL137w 2 5
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YLR216c YHR030c 2 1
YLR216c YHR039c-a 2 1
YLR216c YHR074w 2 2
YLR216c YIR037w 2 1
YLR216c YJR017c 2 2
YLR216c YKL166c 2 2
YLR216c YNL330c 2 1
YLR216c YNR032w 2 1
YLR229c YDL135c 2 1
YLR245c YLR245c 1 1
YLR245c YNL189w 1 9
YLR264w YLR264w 1 1
YLR270w YLR081w 1 2
YLR275w YFL017w-a 1 1
YLR275w YOR159c 1 1
YLR275w YPR182w 1 1
YLR276c YKR081c 2 1
YLR293c YDR002w 2 1
YLR293c YER009w 2 1
YLR293c YNL189w 2 9
YLR293c YOR185c 2 2
YLR300w YOL126c 1 2
YLR303w YNL189w 3 9
YLR304c YGR040w 2 1
YLR304c YLR262c 2 3
YLR304c YOL006c 2 2
YLR304c YOL094c 2 2
YLR314c YCR053w 1 1
YLR314c YDR158w 1 2
YLR340w YDL081c 2 1
YLR340w YDR382w 2 1
YLR340w YPR016c 2 1
YLR354c YJL068c 1 1
YLR355c YHR030c 2 1
YLR370c YKL013c 1 1
YLR370c YNR035c 1 1
YLR372w YBR069c 1 1
YLR372w YLL028w 1 1
YLR372w YLR241w 1 1
YLR372w YNL101w 1 1
YLR372w YPR156c 1 2
YLR377c YLR377c 1 1
YLR377c YML121w 1 2
YLR377c YNL189w 1 9
YLR378c YBR159w 1 1
YLR378c YDR086c 1 1
YLR378c YLR372w 1 1
YLR438c-a YER146w 1 1
YLR438c-a YLR438c-a 1 1
YLR438c-a YMR142c 1 1
YLR438c-a YNL147w 1 1
YLR438c-a YOR096w 1 1
YLR438w YHR169w 1 2
YLR438w YJR017c 1 2
YLR438w YLR186w 1 1
YLR438w YNL244c 1 1
YLR438w YPR165w 1 2
YLR447c YBR028c 1 3
YLR447c YGR020c 1 1
YLR447c YIR035c 1 1
YML008c YPR113w 4 1
YML022w YDR441c 1 1
YML022w YLR447c 1 1
YML042w YML042w 1 1
YML042w YNL189w 1 9
YML056c YBR088c 2 2
YML056c YER117w 2 1
YML060w YOL010w 2 2
YML085c YFL037w 2 2
YML092c YER094c 1 1
YML092c YGL011c 1 1
YML092c YGR135w 1 1
YML092c YOR157c 1 1
YML094w YGR078c 1 1
YML094w YLR200w 1 1
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YML094w YLR212c 1 2
YML110c YGL115w 3 2
YML121w YML121w 2 2
YML123c YBR159w 2 1
YML123c YDL198c 2 2
YML123c YER125w 2 5
YML123c YLR372w 2 1
YML126c YDL188c 2 1
YML126c YIL094c 2 1
YML126c YLR180w 2 3
YMR022w YLL039c 1 5
YMR058w YBR159w 4 1
YMR058w YGL084c 4 1
YMR058w YKL008c 4 2
YMR058w YLR372w 4 1
YMR058w YOR161c 4 1
YMR058w YPL234c 4 2
YMR058w YPL274w 4 1
YMR095c YFL059w 2 1
YMR095c YMR096w 2 1
YMR095c YNL333w 2 1
YMR096w YFL059w 1 1
YMR096w YNL333w 1 1
YMR105c YJR068w 4 2
YMR109w YMR109w 4 4
YMR116c YGL120c 5 4
YMR116c YLR197w 5 3
YMR116c YOR116c 5 5
YMR116c YPL106c 5 1
YMR145c YDL047w 2 1
YMR205c YDL047w 2 1
YMR205c YER148w 2 2
YMR205c YJL138c 2 2
YMR224c YMR224c 2 2
YMR246w YDL047w 1 1
YMR246w YDR129c 1 4
YMR246w YNL088w 1 3
YMR246w YOL126c 1 2
YMR296c YDR062w 1 1
YMR297w YLR378c 2 1
YMR300c YAL012w 2 1
YMR303c YLR216c 2 2
YMR303c YLR229c 2 2
YMR303c YOL094c 2 2
YMR303c YPR110c 2 2
YMR314w YDL084w 1 2
YMR314w YGL011c 1 1
YMR314w YML092c 1 1
YNL007c YHR030c 2 1
YNL037c YGL137w 1 5
YNL037c YHR030c 1 1
YNL037c YOR136w 1 1
YNL055c YCR009c 1 1
YNL055c YNL090w 1 2
YNL055c YNL093w 1 3
YNL071w YBR221c 3 2
YNL088w YBR025c 3 2
YNL088w YNL088w 3 3
YNL090w YOR089c 2 3
YNL096c YMR243c 1 1
YNL096c YPR086w 1 3
YNL102w YIR008c 2 1
YNL102w YNL262w 2 3
YNL135c YDR037w 1 2
YNL135c YDR129c 1 4
YNL135c YDR341c 1 3
YNL135c YIL078w 1 4
YNL135c YJR104c 1 1
YNL135c YLR005w 1 2
YNL135c YMR205c 1 2
YNL147w YLR275w 1 1
YNL153c YGR078c 1 1
YNL153c YLR212c 1 2
YNL169c YLR447c 1 1
YNL189w YDL246c 9 2
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Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YNL189w YDR353w 9 2
YNL189w YDR453c 9 2
YNL189w YGR024c 9 1
YNL189w YGR144w 9 2
YNL189w YHR112c 9 1
YNL189w YJL052w 9 2
YNL189w YJR009c 9 2
YNL189w YKL067w 9 1
YNL189w YML028w 9 2
YNL189w YMR226c 9 1
YNL189w YPL088w 9 1
YNL220w YEL046c 1 1
YNL244c YCR053w 1 1
YNL244c YDL124w 1 1
YNL244c YDR353w 1 2
YNL244c YPR041w 1 2
YNL262w YIR008c 3 1
YNL262w YKL045w 3 1
YNL262w YNL262w 3 3
YNL287w YGL137w 1 5
YNL290w YBR087w 2 1
YNL290w YLR058c 2 1
YNL290w YMR226c 2 1
YNL290w YOL094c 2 2
YNL323w YDR212w 1 1
YNL323w YLR447c 1 1
YNL330c YKR001c 1 3
YNL330c YOL006c 1 2
YNL333w YFL059w 1 1
YNL333w YNL189w 1 9
YNL333w YNL333w 1 1
YNR001c YKL085w 1 2
YNR001c YLR447c 1 1
YNR032w YBR187w 1 2
YNR032w YGR123c 1 3
YNR035c YBR109c 1 3
YNR053c YER126c 2 1
YNR053c YPR016c 2 1
YNR070w YBR159w 5 1
YOL005c YDL140c 1 7
YOL005c YDR404c 1 2
YOL005c YIL021w 1 2
YOL012c YKR048c 1 1
YOL038w YGL011c 1 1
YOL038w YML092c 1 1
YOL058w YBR160w 1 1
YOL058w YNL189w 1 9
YOL062c YFL045c 1 2
YOL062c YJR058c 1 1
YOL077c YKR081c 1 1
YOL086c YGL009c 2 2
YOL086c YML085c 2 2
YOL090w YBR025c 5 2
YOL090w YJL138c 5 2
YOL094c YBR087w 2 1
YOL094c YGL245w 2 2
YOL126c YJR068w 2 2
YOL139c YDL087c 1 1
YOL139c YER165w 1 5
YOL139c YGL115w 1 2
YOL139c YJL138c 1 2
YOL139c YJR007w 1 2
YOL139c YMR246w 1 1
YOL139c YNL093w 1 3
YOL139c YNL147w 1 1
YOL139c YNL262w 1 3
YOL156w YBR159w 2 1
YOL156w YLR372w 2 1
YOR020c YLR259c 1 1
YOR020c YML092c 1 1
YOR020c YNL189w 1 9
YOR020c YOR020c 1 1
YOR039w YGR103w 1 2
YOR039w YNL330c 1 1
YOR039w YOR039w 1 1
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Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YOR039w YPL235w 1 2
YOR061w YBR094w 1 2
YOR061w YGL019w 1 1
YOR061w YGR103w 1 2
YOR061w YIL118w 1 2
YOR061w YNL088w 1 3
YOR061w YOR039w 1 1
YOR074c YPR086w 1 3
YOR089c YKR014c 3 3
YOR089c YNL093w 3 3
YOR125c YJL068c 2 1
YOR128c YBR021w 3 1
YOR128c YCR012w 3 1
YOR128c YKR026c 3 1
YOR128c YMR323w 3 2
YOR128c YOR128c 3 3
YOR128c YPR054w 3 1
YOR128c YPR088c 3 3
YOR136w YBL022c 1 5
YOR136w YNL189w 1 9
YOR136w YPR110c 1 2
YOR150w YDR172w 1 3
YOR150w YER081w 1 2
YOR151c YBL039c 7 2
YOR151c YBR154c 7 2
YOR151c YDL140c 7 7
YOR151c YDR404c 7 2
YOR151c YIL021w 7 2
YOR157c YER094c 1 1
YOR159c YPR182w 1 1
YOR176w YDL134c 1 1
YOR176w YGR123c 1 3
YOR185c YER009w 2 1
YOR185c YOL128c 2 1
YOR190w YLR447c 1 1
YOR202w YOR202w 1 1
YOR202w YPR016c 1 1
YOR207c YDR045c 7 2
YOR207c YKL144c 7 2
YOR207c YNL113w 7 1
YOR207c YOR116c 7 5
YOR207c YPR110c 7 2
YOR210w YDL140c 1 7
YOR210w YOR151c 1 7
YOR210w YPR110c 1 2
YOR224c YDL140c 1 7
YOR224c YKL144c 1 2
YOR224c YOR116c 1 5
YOR224c YPR110c 1 2
YOR232w YJR045c 1 1
YOR232w YOR232w 1 1
YPL002c YPR086w 1 3
YPL010w YGL137w 1 5
YPL028w YNL244c 2 1
YPL028w YPR165w 2 2
YPL031c YDL246c 2 2
YPL031c YFL030w 2 1
YPL031c YJR104c 2 1
YPL031c YJR159w 2 2
YPL046c YPL046c 1 1
YPL048w YBR118w 3 3
YPL050c YLR447c 1 1
YPL051w YER044c 3 1
YPL051w YKR030w 3 1
YPL051w YPR086w 3 3
YPL088w YPL088w 1 1
YPL091w YPL091w 3 3
YPL106c YML028w 1 2
YPL111w YBR011c 1 1
YPL111w YEL034w 1 2
YPL111w YKL085w 1 2
YPL111w YKL104c 1 3
YPL111w YNL189w 1 9
YPL111w YPL111w 1 1
YPL111w YPL160w 1 2
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Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YPL135w YCL017c 1 3
YPL152w YLR447c 1 1
YPL160w YNL244c 2 1
YPL160w YPR110c 2 2
YPL189w YBR159w 1 1
YPL203w YKL166c 2 2
YPL211w YKR081c 1 1
YPL227c YEL063c 1 1
YPL227c YGR060w 1 1
YPL227c YJL026w 1 1
YPL227c YJL196c 1 1
YPL227c YPL274w 1 1
YPL234c YLL028w 2 1
YPL259c YBR221c 2 2
YPL259c YER165w 2 5
YPL259c YLR170c 2 1
YPL259c YOL010w 2 2
YPL259c YOL077c 2 1
YPL259c YOR187w 2 4
YPL259c YPR016c 2 1
YPL262w YPR165w 1 2
YPL274w YBR159w 1 1
YPR006c YLR447c 1 1
YPR010c YBR143c 7 3
YPR010c YKL067w 7 1
YPR010c YOR210w 7 1
YPR010c YPR016c 7 1
YPR010c YPR110c 7 2
YPR035w YBR126c 2 1
YPR069c YLR146c 1 1
YPR074c YBR117c 3 3
YPR082c YFL017w-a 1 1
YPR082c YNL147w 1 1
YPR082c YPR182w 1 1
YPR086w YDL086w 3 1
YPR086w YFL038c 3 3
YPR086w YKL058w 3 2
YPR086w YPR041w 3 2
YPR086w YPR066w 3 2
YPR103w YER094c 1 1
YPR103w YFR050c 1 1
YPR103w YGL011c 1 1
YPR103w YJL001w 1 1
YPR103w YNL244c 1 1
YPR110c YDR453c 2 2
YPR110c YGL026c 2 2
YPR110c YGL137w 2 5
YPR110c YGL245w 2 2
YPR110c YHR112c 2 1
YPR110c YKL218c 2 1
YPR110c YLR086w 2 2
YPR110c YOR116c 2 5
YPR145w YHR113w 2 1
YPR156c YBR159w 2 1
YPR165w YFR044c 2 2
YPR181c YIL109c 5 5
YPR181c YLR026c 5 2
YPR181c YNL049c 5 5
YPR182w YNL189w 1 9
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Supplementary material S4
Test set 2, containing 374 yeast protein interactions with SLA ≥ 75%.
Format: <Protein1> <Protein2> <#DomainsInProtein1> <#DomainsInProtein2>

Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YAL038w YNL307c 2 1
YAL038w YOR226c 2 1
YAL062w YNL189w 2 9
YBL039c YJR103w 2 2
YBL040c YOL020w 1 1
YBL078c YOR100c 1 3
YBR018c YPR054w 2 1
YBR039w YDL145c 1 7
YBR039w YJR068w 1 2
YBR068c YDR046c 1 1
YBR085w YHR002w 3 3
YBR088c YJR068w 2 2
YBR088c YNL290w 2 2
YBR088c YOL094c 2 2
YBR088c YOR116c 2 5
YBR117c YLR447c 3 1
YBR126c YOR089c 1 3
YBR127c YKL080w 3 1
YBR127c YLR447c 3 1
YBR154c YDL140c 2 7
YBR154c YDR404c 2 2
YBR154c YKL144c 2 2
YBR154c YOR116c 2 5
YBR154c YPR110c 2 2
YBR160w YDR212w 1 1
YBR160w YLR086w 1 2
YBR170c YLR044c 2 3
YBR176w YBR176w 1 1
YBR176w YNL189w 1 9
YBR205w YFL038c 1 3
YBR218c YPR110c 7 2
YBR249c YPR110c 1 2
YBR252w YNL189w 1 9
YBR291c YHR096c 3 2
YCL040w YCL040w 2 2
YCL040w YNL189w 2 9
YCR002c YFL018c 2 4
YCR005c YCR005c 1 1
YCR005c YKL085w 1 2
YCR034w YHR094c 1 2
YCR034w YJL219w 1 2
YCR034w YLL061w 1 1
YCR034w YOL020w 1 1
YCR034w YPL274w 1 1
YDL064w YDL064w 1 1
YDL100c YHR057c 2 1
YDL100c YJL153c 2 2
YDL100c YNL055c 2 1
YDL100c YOL126c 2 2
YDL108w YDL140c 1 7
YDL108w YOR151c 1 7
YDL135c YPR165w 1 2
YDL137w YPR110c 3 2
YDL143w YKR026c 1 1
YDL145c YCR012w 7 1
YDL145c YDR238c 7 2
YDL145c YPL010w 7 1
YDL192w YDL137w 3 3
YDL192w YPR110c 3 2
YDL236w YNL189w 1 9
YDL245c YHR096c 2 2
YDL245c YJR160c 2 2
YDR044w YNL189w 1 9
YDR045c YOR116c 2 5
YDR046c YLR372w 1 1
YDR099w YBR001c 1 2
YDR099w YDR099w 1 1
YDR127w YJL008c 6 1
YDR127w YOR136w 6 1
YDR127w YPL235w 6 2
YDR139c YDR328c 1 2
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Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YDR139c YLR306w 1 1
YDR155c YKL103c 1 1
YDR155c YNL244c 1 1
YDR155c YPL235w 1 2
YDR226w YBL036c 2 1
YDR226w YOR176w 2 1
YDR226w YPL031c 2 2
YDR256c YMR314w 1 1
YDR256c YNL189w 1 9
YDR328c YBR127c 2 3
YDR328c YEL051w 2 1
YDR342c YBL036c 2 1
YDR342c YNL323w 2 1
YDR343c YBL036c 2 1
YDR343c YGR040w 2 1
YDR353w YOL128c 2 1
YDR382w YBR006w 1 1
YDR404c YDL140c 2 7
YDR404c YGR063c 2 1
YDR404c YOR224c 2 1
YDR487c YNL189w 1 9
YDR516c YCL040w 2 2
YDR529c YBR082c 1 1
YEL021w YEL021w 1 1
YEL027w YLR034c 2 1
YEL054c YDL081c 2 1
YEL054c YDR382w 2 1
YEL054c YOL039w 2 1
YEL063c YBL040c 1 1
YEL063c YCR034w 1 1
YEL063c YJL196c 1 1
YEL063c YLR372w 1 1
YEL063c YPL234c 1 2
YEL069c YPR110c 2 2
YEL071w YPR165w 2 2
YER009w YNL189w 1 9
YER012w YBL041w 1 1
YER012w YER094c 1 1
YER012w YJL001w 1 1
YER012w YMR314w 1 1
YER020w YNL037c 2 1
YER057c YNL189w 1 9
YER086w YER086w 3 3
YER126c YPR016c 1 1
YER146w YCR024c 1 2
YER146w YDR378c 1 1
YER146w YER131w 1 1
YER146w YER146w 1 1
YER146w YPL152w 1 1
YER146w YPR010c 1 7
YER156c YFL038c 1 3
YER177w YDR099w 1 1
YER177w YGL115w 1 2
YER177w YNL189w 1 9
YFL005w YFL038c 3 3
YFL018c YBR221c 4 2
YFL045c YNL189w 2 9
YFR047c YFR047c 2 2
YFR047c YNL189w 2 9
YGL040c YGL040c 1 1
YGL040c YNL189w 1 9
YGL054c YLR372w 1 1
YGL062w YPR110c 9 2
YGL087c YDR092w 1 1
YGL130w YBR221c 3 2
YGL130w YDL140c 3 7
YGL221c YGL221c 1 1
YGL221c YNL189w 1 9
YGL234w YJR068w 5 2
YGL234w YOL094c 5 2
YGL238w YNL189w 3 9
YGL253w YGL253w 2 2
YGR020c YEL051w 1 1
YGR024c YGR024c 1 1
YGR040w YGL062w 1 9
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Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YGR040w YLL039c 1 5
YGR040w YML123c 1 2
YGR040w YPR010c 1 7
YGR133w YGR133w 1 1
YGR144w YGR144w 2 2
YGR155w YBR088c 2 2
YGR155w YGR040w 2 1
YGR155w YNL189w 2 9
YHR007c YPL274w 1 1
YHR039c-a YBR127c 1 3
YHR039c-a YGR020c 1 1
YHR068w YNL189w 1 9
YHR094c YLR372w 2 1
YHR113w YHR113w 1 1
YHR179w YOL128c 1 1
YHR183w YKL085w 2 2
YHR183w YPR110c 2 2
YHR208w YJR148w 1 1
YHR216w YNL189w 2 9
YIL021w YBR154c 2 2
YIL021w YDR404c 2 2
YIL021w YOR224c 2 1
YIL034c YBR264c 1 3
YIL034c YBR291c 1 3
YIL035c YGL115w 1 2
YIL035c YIL118w 1 2
YIL035c YOR061w 1 1
YIL035c YPR016c 1 1
YIL094c YBL039c 1 2
YIL118w YEL020c 2 3
YIL142w YDL080c 1 3
YIL142w YDR212w 1 1
YIL142w YGR040w 1 1
YIL145c YLR447c 1 1
YIR034c YLR354c 2 1
YJL001w YPR054w 1 1
YJL053w YDR372c 1 1
YJL060w YBR160w 1 1
YJL153c YJL190c 2 1
YJL167w YJL167w 1 1
YJL167w YNL244c 1 1
YJL196c YCR034w 1 1
YJL196c YLR372w 1 1
YJL214w YLR372w 2 1
YJL219w YLR447c 2 1
YJR017c YDL140c 2 7
YJR017c YDR343c 2 2
YJR017c YIL021w 2 2
YJR024c YJR024c 1 1
YJR068w YNL189w 2 9
YJR068w YNL290w 2 2
YJR068w YOL094c 2 2
YJR103w YJR103w 2 2
YJR121w YBR039w 3 1
YJR121w YDR298c 3 1
YJR121w YJR121w 3 3
YJR160c YLR372w 2 1
YKL013c YMR109w 1 4
YKL013c YNR035c 1 1
YKL060c YOR116c 1 5
YKL067w YKL067w 1 1
YKL080w YEL051w 1 1
YKL085w YOL128c 2 1
YKL085w YPR110c 2 2
YKL103c YKL103c 1 1
YKL103c YNL189w 1 9
YKL106w YLR447c 1 1
YKL144c YOR116c 2 5
YKL144c YPR110c 2 2
YKL152c YMR109w 1 4
YKL165c YLR372w 2 1
YKR002w YNL189w 3 9
YKR002w YNL222w 3 1
YKR014c YNL093w 3 3
YKR026c YBL030c 1 3
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Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YKR026c YEL051w 1 1
YKR026c YER146w 1 1
YKR026c YKR026c 1 1
YKR026c YLR432w 1 2
YKR030w YER031c 1 3
YLL001w YLL001w 3 3
YLL061w YLR372w 1 1
YLR027c YLR027c 1 1
YLR027c YNL244c 1 1
YLR109w YLR109w 1 1
YLR109w YMR022w 1 1
YLR134w YLR447c 3 1
YLR134w YNL244c 3 1
YLR180w YBL039c 3 2
YLR180w YER090w 3 2
YLR209c YNL189w 1 9
YLR215c YLR447c 1 1
YLR229c YDL135c 2 1
YLR245c YLR245c 1 1
YLR245c YNL189w 1 9
YLR264w YLR264w 1 1
YLR270w YLR081w 1 2
YLR303w YNL189w 3 9
YLR354c YJL068c 1 1
YLR370c YKL013c 1 1
YLR370c YNR035c 1 1
YLR377c YLR377c 1 1
YLR377c YML121w 1 2
YLR377c YNL189w 1 9
YLR378c YLR372w 1 1
YLR438c-a YER146w 1 1
YLR438c-a YLR438c-a 1 1
YLR438c-a YMR142c 1 1
YLR438c-a YOR096w 1 1
YLR438w YJR017c 1 2
YLR438w YNL244c 1 1
YLR438w YPR165w 1 2
YLR447c YGR020c 1 1
YML042w YML042w 1 1
YML042w YNL189w 1 9
YML056c YBR088c 2 2
YML056c YER117w 2 1
YML060w YOL010w 2 2
YML110c YGL115w 3 2
YML121w YML121w 2 2
YML123c YLR372w 2 1
YML126c YIL094c 2 1
YML126c YLR180w 2 3
YMR022w YLL039c 1 5
YMR105c YJR068w 4 2
YMR109w YMR109w 4 4
YMR297w YLR378c 2 1
YNL037c YOR136w 1 1
YNL055c YCR009c 1 1
YNL055c YNL090w 1 2
YNL055c YNL093w 1 3
YNL090w YOR089c 2 3
YNL096c YMR243c 1 1
YNL135c YDR341c 1 3
YNL135c YJR104c 1 1
YNL189w YDR353w 9 2
YNL189w YDR453c 9 2
YNL189w YGR024c 9 1
YNL189w YGR144w 9 2
YNL189w YHR112c 9 1
YNL189w YJL052w 9 2
YNL189w YJR009c 9 2
YNL189w YKL067w 9 1
YNL189w YML028w 9 2
YNL189w YPL088w 9 1
YNL244c YDL124w 1 1
YNL244c YDR353w 1 2
YNL290w YOL094c 2 2
YNL323w YDR212w 1 1
YNL323w YLR447c 1 1

J Mol Biol. Author manuscript; available in PMC 2006 October 20.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jothi et al. Page 75

Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YNR001c YKL085w 1 2
YNR001c YLR447c 1 1
YOL058w YBR160w 1 1
YOL058w YNL189w 1 9
YOL126c YJR068w 2 2
YOL139c YDL087c 1 1
YOL139c YGL115w 1 2
YOL139c YNL093w 1 3
YOL156w YLR372w 2 1
YOR020c YLR259c 1 1
YOR020c YNL189w 1 9
YOR020c YOR020c 1 1
YOR061w YBR094w 1 2
YOR061w YIL118w 1 2
YOR089c YKR014c 3 3
YOR089c YNL093w 3 3
YOR125c YJL068c 2 1
YOR136w YNL189w 1 9
YOR136w YPR110c 1 2
YOR151c YBL039c 7 2
YOR151c YBR154c 7 2
YOR151c YDL140c 7 7
YOR151c YDR404c 7 2
YOR151c YIL021w 7 2
YOR159c YPR182w 1 1
YOR207c YDR045c 7 2
YOR207c YKL144c 7 2
YOR207c YOR116c 7 5
YOR207c YPR110c 7 2
YOR210w YDL140c 1 7
YOR210w YOR151c 1 7
YOR210w YPR110c 1 2
YOR224c YDL140c 1 7
YOR224c YKL144c 1 2
YOR224c YOR116c 1 5
YOR224c YPR110c 1 2
YOR232w YOR232w 1 1
YPL028w YNL244c 2 1
YPL028w YPR165w 2 2
YPL031c YFL030w 2 1
YPL031c YJR104c 2 1
YPL050c YLR447c 1 1
YPL051w YER044c 3 1
YPL051w YKR030w 3 1
YPL088w YPL088w 1 1
YPL091w YPL091w 3 3
YPL106c YML028w 1 2
YPL111w YKL085w 1 2
YPL111w YNL189w 1 9
YPL111w YPL111w 1 1
YPL111w YPL160w 1 2
YPL152w YLR447c 1 1
YPL160w YNL244c 2 1
YPL160w YPR110c 2 2
YPL259c YBR221c 2 2
YPL259c YLR170c 2 1
YPL259c YOL010w 2 2
YPL259c YOR187w 2 4
YPL259c YPR016c 2 1
YPR006c YLR447c 1 1
YPR010c YBR143c 7 3
YPR010c YKL067w 7 1
YPR010c YOR210w 7 1
YPR010c YPR016c 7 1
YPR010c YPR110c 7 2
YPR035w YBR126c 2 1
YPR069c YLR146c 1 1
YPR074c YBR117c 3 3
YPR082c YFL017w-a 1 1
YPR082c YPR182w 1 1
YPR110c YDR453c 2 2
YPR110c YGL026c 2 2
YPR110c YHR112c 2 1
YPR110c YKL218c 2 1
YPR110c YLR086w 2 2
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Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YPR110c YOR116c 2 5
YPR165w YFR044c 2 2
YPR182w YNL189w 1 9
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Supplementary material S6
Validation set, containing 109 yeast protein interactions with SLA ≥ 50%.
Format: <Protein1> <Protein2> <#DomainsInProtein1> <#DomainsInProtein2>

Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YBL039c YJR103w 2 2
YBL099w YBR039w 3 1
YBL099w YJR121w 3 3
YBR085w YHR002w 3 3
YBR109c YDR155c 3 1
YBR109c YKL129c 3 3
YBR109c YMR109w 3 4
YBR154c YDL140c 2 7
YBR154c YOR116c 2 5
YCL040w YCL040w 2 2
YCR002c YHR107c 2 2
YCR002c YJR076c 2 2
YDL135c YPR165w 1 2
YDL145c YGL137w 7 5
YDL192w YDL137w 3 3
YDL246c YDL246c 2 2
YDR045c YOR116c 2 5
YDR148c YDR148c 2 2
YDR172w YDR172w 3 3
YDR404c YDL140c 2 7
YDR516c YCL040w 2 2
YER017c YMR089c 3 3
YER081w YER081w 2 2
YER086w YER086w 3 3
YER148w YKL058w 2 2
YER148w YPR086w 2 3
YER178w YBR221c 1 2
YFL005w YFL038c 3 3
YFL016c YFL016c 3 3
YFR047c YFR047c 2 2
YGL087c YER125w 1 5
YGL238w YLR293c 3 2
YGL238w YNL189w 3 9
YGL253w YGL253w 2 2
YGR144w YGR144w 2 2
YHR074w YHR074w 2 2
YHR107c YHR107c 2 2
YHR111w YHR111w 3 3
YHR169w YJL138c 2 2
YIL021w YOR224c 2 1
YIL074c YER081w 2 2
YIL074c YIL074c 2 2
YIL125w YIL125w 2 2
YJL164c YJL164c 2 2
YJL164c YKL166c 2 2
YJL164c YPL203w 2 2
YJR063w YPR010c 2 7
YJR068w YBR087w 2 1
YJR068w YNL290w 2 2
YJR068w YOL094c 2 2
YJR076c YHR107c 2 2
YJR103w YJR103w 2 2
YJR121w YBR039w 3 1
YJR121w YJR121w 3 3
YJR159w YDL246c 2 2
YKL129c YMR109w 3 4
YKL135c YPL259c 1 2
YKL144c YOR116c 2 5
YKL166c YKL166c 2 2
YKR014c YNL093w 3 3
YLR026c YDR189w 2 1
YLR070c YLR070c 2 2
YLR163c YHR024c 2 2
YLR216c YNR032w 2 1
YLR229c YDL135c 2 1
YLR293c YDR002w 2 1
YLR293c YER009w 2 1
YLR293c YOR185c 2 2
YML085c YFL037w 2 2
YML121w YML121w 2 2
YMR109w YMR109w 4 4
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Protein1 Protein2 #DomainsInProtein1 #DomainsInProtein2

YMR224c YMR224c 2 2
YNL071w YBR221c 3 2
YNL088w YNL088w 3 3
YNL090w YOR089c 2 3
YNL102w YNL262w 2 3
YNL262w YNL262w 3 3
YNL290w YBR087w 2 1
YNL290w YOL094c 2 2
YNR032w YGR123c 1 3
YOL005c YDL140c 1 7
YOL005c YIL021w 1 2
YOL094c YBR087w 2 1
YOR089c YKR014c 3 3
YOR089c YNL093w 3 3
YOR128c YOR128c 3 3
YOR151c YDL140c 7 7
YOR151c YDR404c 7 2
YOR151c YIL021w 7 2
YOR185c YER009w 2 1
YOR207c YDR045c 7 2
YOR207c YKL144c 7 2
YOR207c YNL113w 7 1
YOR207c YOR116c 7 5
YOR207c YPR110c 7 2
YOR210w YOR151c 1 7
YOR210w YPR110c 1 2
YOR224c YDL140c 1 7
YOR224c YOR116c 1 5
YOR224c YPR110c 1 2
YPL091w YPL091w 3 3
YPL203w YKL166c 2 2
YPL259c YLR170c 2 1
YPR010c YOR210w 7 1
YPR010c YPR110c 7 2
YPR074c YBR117c 3 3
YPR110c YOR116c 2 5
YPR181c YIL109c 5 5
YPR181c YNL049c 5 5
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