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I. Supplemental Figures

Figure legends for each supplemental figure are found with the corresponding figures.

Figure S1
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Supplemental Figure S1. S2R+ Whole Cell Lysate Proteome Analysis

(A) By combining four methods (two proteases and two fractionation procedures), 6,081
proteins (5,695 genes) were identified with 0.99% FDR in whole cell lysates of S2R+ cells. The
number of proteins identified by each method is listed with corresponding FDR. (B) Venn
diagram of protein overlap of different methods. (C) Combining 86 LC-MS/MS runs requires
controlling both peptide- and protein-level FDRs. The peptide FDR was set to 1% for each
fraction, but the protein FDR was uncontrolled, which approached 20%. (D) All accepted

proteins from Panel C were scored and then filtered to 1% FDR based on reversed protein
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sequences. The cumulative plot shows a greatly reduced peptide FDR and protein FDR that
approaches 1%. The total proteins identified from this whole cell lysate analysis of S2R+ cells

was used in the overlap analysis shown in Figure 1C or the main text.
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Supplemental Figure S2. Co-regulation of mRNAs corresponding to DPiM interacting proteins.
Microarray gene expression profiling data from FlyAtlas encompassing information from 26
Drosophila tissues (Chintapalli et al., 2007) was used. (A) Distribution of correlation coefficients
for mRNAs corresponding to interacting proteins in DPiM compared to all gene pairs. The DPIM
distribution is skewed to the right, indicating that transcripts of interacting proteins tend to be co-
expressed more frequently than random pairs. This analysis is analogous to that presented in
Figure 2B of main text. (B) Normalized absolute mRNA expression difference corresponding to
DPiM interactors compared to all gene pairs. This analysis suggest that their stoichiometry
tends to be more tightly regulated to maintain similar levels of expression, compared to random

gene pairs. This analysis is analogous to that presented in Figure 3D of the main text.

Figure S3
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Supplemental Figure S3. Selected examples of complexes from DPiM with different subunits
colored according to clusters defined in the map. Proteins shown in grey are not part of the
computed cluster. The layout of each complex is guided by the interaction strength. The
thickness of the grey line connecting the subunits is proportional to the HGSCore of interaction
in DPiM. Additional physical evidence (red lines) and genetic evidence (green lines) from
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literature are also shown, with line thickness proportional to humber of sources supporting it;

similar to Figure 4 of the main text.

Supplemental Figure S4. Inter-complex interactions in DPiM. Nodes are proportional to the
cluster size and edges proportional to the sum of inter-cluster HGSCores. Only edges where the
sum is greater than twice the minimum DPiM HGSCore are retained for clarity. Where GO term
enrichment exists (multiple hypothesis testing-adjusted P<0.01), the nodes are labeled with the
most significant term; otherwise cluster number is shown instead. The pie chart for each node is
made up of 3 wedges: fraction of genes matching the most significantly enriched GO term
(pink); fraction of genes having some GO term annotation but not matching the most
significantly enriched GO term in the cluster (cyan) and fraction of genes lacking any GO term

annotation (yellow); related to Figure 5 of the main text.

Figure S4
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ll. Supplemental Tables
All supplemental tables, except table S7 (provided below), are in Microsoft Excel and provided

as downloadable files.

Supplemental Table S1. Mass spectrometry data from 3,488 coAP-MS experiments used for
the DPIM analysis. Proteins observed due to LC/MS carry-over have been removed as
described in Experimental Procedures. (Microsoft Excel file; related to Figure 1 of the main text).

Supplemental Table S2. List of proteins identified by combining four methods for whole cell
proteome analysis of S2R+ cells. A total of 6,081 proteins from 5,695 genes were identified with
0.99% FDR. The unique and total peptides identified for each protein are also listed. (Microsoft

Excel file; related to Figure 1 of the main text).

Supplemental Table S3. A total of 209,912 pairs of co-purifying proteins were observed among
4,927 Drosophila proteins in our data set. HGSCores of all these interactions are listed. The
10,969 high-confidence co-complex membership interactions (0.05% FDR) involving 2,297
Drosophila proteins are highlighted in blue. Additional evidence from DrolD is also listed for

each interaction; (Microsoft Excel file) related to Figure 2 of the main text.

Supplemental Table S4. MCL-derived 556 putative Drosophila protein complexes in DPiM. A
total of 153 protein clusters are enriched for features such as GO terms, KEGG pathways or
Pfam/InterPro domains (multiple hypothesis testing -adjusted P<0.01). Enriched terms for each

cluster along with p values are shown; (Microsoft Excel file) related to Figure 2 of the main text.

Supplemental Table S5. Validation of selected DPiM interactions in Human Embryonic Kidney-
293F cells. List of pairwise interactions found as bait-prey interactions in DPIM mass
spectrometry data, and corresponding human ortholog affinity purification in HEK-293F cells;
(Microsoft Excel file) related to Figure 3 of the main text.

Supplemental Table S6. Proteasome subunit classification and mass spectrometry data matrix
from 32 individual proteasome subunit bait experiments. Total peptide counts from two replicate
affinity purification experiments are shown for each classified proteasome subunit; (Microsoft

Excel file) related to Figure 4 of the main text.
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Supplemental Table S7. Comparison of protein domains in the elF3 complex and CSN
complex in yeast, fly and human. In the elF3 complex (Table S6A), many domains remains
unchanged and conserved, PCI expands from one in yeast to four in flies and humans, while a
few protein domains are seen in only in flies and humans, probably reflecting metazoan-specific
functions. In the CSN complex (Table S6B), there is a linear growth of PCI domains and two
novel domains are seen in Human, while the CSN proteins containing these novel domains
(CSN1a, CSN1b and CSNB8) are not part of the complex in DPiM; related to Figure 6 of the main
text.

Table S7A. Eif3 Complex
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Table S7B. CSN complex
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lll. Supplemental Experimental Procedures

Construction of the pMK33-C-FLAG-HA Acceptor Vector

The pMK33-C-TAP vector (Veraksa et al., 2005) was modified to include splice acceptor and
donor sites and prokaryotic promoter sequences. The vector was cut with BamHI and Spel. The
splice acceptor site and prokaryotic promoter sequences (shown below) were TA-cloned into
pCR2.1. The product was digested with BamHI and Spel and the following restriction fragment
inserted ligated into the BamHI and Spel ends of pMK33-C-TAP vector.

5'-
GGATCCATAACTTCGTATAGCATACATTATACGAAGTTATAGATCCAATATTATTGAAGCATT
TATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATA
GGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTGGATCTCGAGCTCAAGCTT
CGAATTCAGGGTTTCCTTGACAATATCATACTTATCCTGTCCCTTTTTTTTCCACAGCTACC
GGTCGCGACTAGT-3'

The resulting vector was modified to accept any of a number of protein tags. We removed the
C-TAP and actin 5¢ sequences by digesting with Spel and Notl. The actin 5¢ element was
added back using a Spel/Notl fragment from pMK33-N-TAP and ligating the two components
resulting in a vector called pMK33-C-TAG. The FLAG-HA sequence used in this study was
inserted at the Spel site. The following custom primers were used to generate the FLAG-HA
sequence:

Primer 1:
5'-CTAGTGACTACAAAGACGATGACGACAAGGTCAAACTTTACCCATACGATGTTC
CAGATTACGCTGCTGCTTAGA-3'

Primer 2:
5'-CTAGTCTAAGCAGCAGCGTAATCTGGAACATCGTATGGGTAAAGTTTGACCTTGT
CGTCATCGTCTTTGTAGTCA-3'

The resulting Acceptor Vector was hamed pMK33-C-FLAG-HA

Construction of the FLAG-HA expression clone set

We transferred ORFs from the BDGP Drosophila melanogaster expression-ready clone set to
the pMK33-C-FLAG-HA Acceptor Vector for expression of FLAG-HA fusion proteins (Yu et al.,
2011). For recombination reactions, 200 ng of expression-ready Donor clone and pMK33-C-

FLAG-HA Acceptor Vector were recombined in a final volume of 10 pl for 15 minutes at 25°C in
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a thermal cycler in the presence of Cre recombinase (0.2 units) and recombinase buffer
supplemented with BSA (0.1 mg/ml) (Clontech #631614) according to Clontech manual
PT3460-1. Cre recombinase was inactivated by incubating the reaction at 70°C for 10 minutes.
From this reaction, 5 yl was transformed into chemically competent TAM-1 cells in a 96-well
plate format (Active Motif #11096) and selected for Chloramphenicol resistance. Each clone
was sequence verified to check for target mismatches using BigDye Terminator v3.1 ready
reaction mix (Applied Biosystems #4337457) and the sequencing primer: 5'-
GCCAATGTGCATCAGTTGTGGTC-3'. Sequencing samples were analyzed on a conventional
capillary electrophoresis instrument (e.g., ABI 3730/3730xI DNA Analyzer). Glycerol stocks were
generated and stored for each isolate. A collection of 7,120 C-terminus FLAG-HA epitope-
tagged clones representing 6,500 unique genes were thus generated and named “Universal
Proteomics Resource”. Clones can be obtained from the Drosophila Genome Research Center:
https://dgrc.cgb.indiana.edu/vectors/store/infusion.html.

Analysis of the Universal Proteomics Resource clone set indicates that the median of the
expression (FPKM calculated from the modENCODE RNA-seq data) distribution for the cDNAs
is 65.22 whereas the median of the FPKM distribution for annotated transcripts is 34.98. The
median of the length distribution for cDNAs is 1,134 bp whereas the median of the length

distribution for annotated genes is 1,482 bp.

Transfection and recombinant expression of bait proteins in cell culture

Plasmid DNA was prepared using the PureLink™ HQ Mini Plasmid Purification Kit (Invitrogen:
K2100-01) or QlAprep Spin Miniprep Kit (Qiagen: 27106). Individual clones were transiently
transfected into a 54 ml culture of Drosophila S2R+ cells (Yanagawa et al., 1998) at 1x 10° cells
per ml density. Routinely, 12-15 ug of DNA was used with 300 ul of Effectene (Qiagen) following
the manufacturer’s protocol. Twenty-four hours after transfection, expression of the tagged
protein was induced with 0.35 mM CuSO,. This level of CuSO, is 50% of the concentration used
in a standard protocol (0.7 mM) (Bunch et al., 1988) and has been tested to induce a low-to-
medium level of recombinant protein expression for a majority of representative clones.
Transfection efficiency and level of bait protein expression in each cell line was analyzed by
immunofluorescence using anti-HA antibody (Roche Applied Science, Clone 3F10). Twenty four
hours after the addition of CuSO, to each culture, cells were washed twice with Phosphate
Buffered Saline buffer (PBS) at room temperature and whole-cells were triturated in 5 ml of
Lysis Buffer (25 mM NaF, 1 mM NazVO,, 50 mM Tris pH 7.5, 1.5 mM MgCl,, 125 mM NacCl,
0.2% IGEPAL, 5% glycerol, Complete™ Tablets) with gentle rotation at 4°C for 30 minutes.
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Co-affinity purification of bait proteins along with interacting partners

Prior to binding to affinity resin, lysates were quick-thawed, then clarified by passage through a
0.45 micron PVDF filter (Millipore, Inc.). The entire process of purification was carried out at 4°C
to preserve the integrity of protein complexes and prevent potential degradation. Initially,
cleared cell lysates were bound overnight to 75 pl of immunoaffinity resin [Clone HA-7 agarose,
Sigma-Aldrich #A2095, cross-linked as per (Veraksa et al., 2005)]. The immunoaffinity resin
(along with captured proteins) was transferred to AcroPrep 96 Filter Plates, 1 mL, 1.2 um Supor
membrane (PALL #5065). Unbound proteins were removed by washing thrice with Lysis Buffer
followed by four additional washes with PBS to remove traces of detergent from lysis buffer
washes. We found this detergent removal step to be essential for the subsequent mass spec
analysis. The bound complexes were released from the resin by competition with the synthetic
HA peptide YPYDVPDYA (250 pg/ml, Biosynthesis, Inc.) in PBS. Three successive elutions
(200 pl, 30 mins each at room temperature) were carried out and the eluates combined for

further processing.

Liquid Chromatography-Mass Spectrometry (LC-MS/MS)

Eluate samples were prepared for LC-MS/MS by precipitating with cold 20% trichloroacetic acid
(TCA). The resultant protein precipitates were washed once with 10% TCA followed by four
washes with ice-cold acetone to remove excess HA peptide present in the eluate, and then air-
dried. Dried protein samples are subjected overnight to in-solution trypsin digestion (in 50 mM
ammonium bicarbonate). Tryptic peptides were analyzed by LC-MS/MS. Peptides were
separated across a 45-min gradient from 10% to 35% (v/v) acetonitrile in 0.1% (v/v) formic acid
in a (125 um x 18 cm) Cyg microcapillary column (Magic C18AQ, 5 pum particles, 200 A pore
size, Michrom Bioresources) and analyzed on-line on an LTQ XL™ (Thermo Fisher). For each
cycle, one full MS scan was followed by ten MS/MS spectra on the linear ion trap XL from the

ten most abundant ions.

S2R+ Whole Cell Lysate Proteome Analysis

Sample preparation, LC-MS/MS Database Searching and Filtering were performed as described
previously (Torres et al., 2010; Villen and Gygi, 2008) with minor changes. Isoelectric focusing
(IEF) was done according to (Chick et al., 2008). Protein identifications from four experimental

conditions i.e. two proteases, Trypsin and LysC, and two fractionation methods, Strong Cation
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Exchange (SCX) and Isoelectric Focusing (IEF) were combined to generate a list of proteins

identified in the S2R+ proteome.

Pulldown Data Analysis and Filtering

LC-MS/MS data from 4,273 co-AP/MS experiments was searched with SEQUEST (Eng et al.,
2008) against a database of D. melanogaster proteins derived from FlyBase version 5.23. To
assess the quality of the data, the searches were performed against a concatenated
forward/reverse database as described previously (Elias and Gygi, 2007). Each resulting data
set was filtered based on XCorr, deltaCorr, charge and peptide length to a target peptide False
Discovery Rate (FDR) of 5% using Linear Discriminant Analysis (LDA) to distinguish between
forward and reverse hits as described previously (Huttlin et al., 2010). Data sets were further
filtered to reduce the protein-level FDR. After all peptides were grouped with their corresponding
proteins, proteins were scored based on their summed peptide LDA probabilities. The sorted
lists were filtered based on reversed protein hits to maximally contain only 1% protein false
positives.

Criteria for inclusion in subsequent analysis primarily focused on the observation of bait
peptides. The three order of magnitude variation in Drosophila protein length and peculiarities of
tryptic cleavage site distribution for each protein clearly have great effect on the probability of
observing peptides by LC/MS. To estimate these effects, we pre-calculated the number of
theoretical 6-35 residue-long tryptic peptides for each bait protein. To compensate for length
and tryptic cleavage effects, as well as for low transfection efficiency of S2R+ cells, we retained
for analysis, all runs containing at least one bait peptide and a small number of runs containing
no bait peptides, if the bait proteins for those runs were predicted to have fewer than 5
potentially observable tryptic peptides. The final data set included identifications from 3,488
affinity purifications.

Despite controlling false discovery rates for each run, combining such a large number of data
sets always leads to higher FDR as the true positive hits are more likely to be the same from run
to run than false positive hits. We therefore excluded from the combined data set any protein
hits obtained from a single peptide identification in a single run. After all the filtering, the
combined data set contained 2,770,552 total peptides at 0.007% FDR identified from 4,927
proteins at 0.8% FDR, This implies an average 2x10° % peptide FDR and 2x10™ % protein FDR

per pulldown experiment.

Correction for Column Carry-over Between LC/MS Experiments
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Running thousands of LC/MS experiments back-to-back inevitably results in situations where
peptides of a highly abundant protein (usually one used as bait) are not completely eluted off
the column and show up in subsequent experiment(s) in lower numbers. Most algorithms for
identification of specific interactions from affinity purification data, including the one described
here, rely on distinguishing — based on observed frequency — those proteins that occur rarely
with respect to some model or background frequencies. Thus when a protein that is rarely
observed in the data set is detected as a carry-over contaminant, it is likely to result in high-
scoring false positive interactions. Some previous studies have dealt with this issue manually,
relying on human curation and/or via duplicate runs (Breitkreutz et al., 2010; Sowa et al., 2009).
Here we employ a statistical approach to deal with this problem.

We start by selecting batches of experiment-protein pairs where a protein was detected with
sequentially decreasing number of Total Spectrum Counts (TSCs). The first instance in each
batch was required to have at least 20 TSCs because we reasoned, based on previous
observations, that a smaller number is unlikely to lead to carry-over. For each batch of n

consecutive observations we compute a probability composed of two components:

P(Carry - over) = P( é TSC.)*P(Run of Length n)

i=1
The first component estimates the probability of observing a batch of experiments with a certain
sum of TSCs or greater. Let us treat the set of TSCs across all experiments as a random
variable X {X;...X,} with mean p and standard deviation g. According to the central limit theorem,
the distribution of sample sums drawn from X tends to be approximately normal, with distribution
parameters easy to estimate from data. We can thus compute the probability of observing a

given sum of TSCs from a batch as an argument of the error function:

[o]
ax- N(nxn}\/ﬁ xs)
61 2 \¥ _y2
P(@TSC,>=a)=—= Q e dx =erfc(x)
p
The second component estimates the probability of observing the putative contaminant in a
consecutive run of experiments of length n, given the frequency of its identification in the overall
data set. Probability of a run of at least r consecutive successes in k independent trials where
the probability of success at any one trial is p was computed following Villarino (Villarino, 2005):
Zk = bk,r - p’ﬁbk- rr
6kl

Bl @ o,
bk,r=a(-l)g ; E(qp),whereq=(l-p)
=0
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In the limiting case where the protein is commonly observed and a run of n sequential
observations is likely, the probability of contamination is estimated from abundance as
measured by TSCs. In the other limiting case where the protein observation overall is rare and
the sum of TSCs in all experiments is equal to or approaches that observed in the batch, the
contamination probability is given by likelihood of observing such rare proteins consecutively in
a batch. The joint probability calculated above was further corrected for multiple hypothesis
testing to ensure < 0.01 FDR thus defining a set of protein observations deemed to be the result
of carry-over contamination. Contaminants were then taken into account and subtracted from

the overall data set prior to final data analysis.

Protein complex map generation and HGSCore method

After LC/MS carry-over correction, data from the selected 3,488 affinity purification experiments
were used to create a protein interaction network by scoring each protein’s probability of
interaction based on a hypergeometric distribution error model (Hart et al., 2007) but modified to
incorporate TSC information. For each affinity purification, we derived Normalized Spectral
Abundance Factors (NSAF) (Zybailov et al., 2006), thus correcting for differences in protein
length. NSAF values were transformed, setting the smallest value to 1, calculating the square
root of each and keeping the integer value. The square root step compressed the range of the
values and made the subsequent probability calculation feasible for the whole range. The
resulting transformed, normalized TSCs, referred to as Ty, were used to convert the data into
the matrix model representation (Bader and Hogue, 2002). Traditionally, the matrix model
represents counts of affinity purification experiments where proteins i and j are identified.
Instead of binary co-occurrence we wanted to capture the quantitative aspect of the data
represented by Ty. We reasoned that for each pair of proteins, the determination of specificity of
interaction between them hinges on the smaller of the two Ty values. Thus, replacing the
occurrence observations with sum of min(Ty) values, we can calculate the hypergeometric
probability of observing an interaction between i and j given the background spectral

abundance:
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min(n,m)

PO min(Ty)>k|nmN)= > P, .. (x|nmN)
nY'N-n
lns

N

(w

k= Zmin(TN ) for experiments with T, ; >0and T,; >0

Piygeo (X[ N,M, N) =

where

n= Z min(T, ) for experiments with T,.; >0
m= Zmin(TN ) for experiments with T, >0
N =" min(T,) for all experiments

The final scores among all pairs were calculated as follows:
HGSCore, e |0g(Phygw;l.y j)

Without a sufficiently large positive reference set available for fly protein interactions, we relied
on simulations to set a cutoff for DPiM and estimate the False Discovery Rate. Similar to the
procedure described earlier (Sowa et al., 2009), for each simulated affinity purification data set,
we randomly sampled proteins from a distribution of total combined spectral counts until the
number of unique proteins in the simulated data set equaled that in the original. Sampling then
continued, but drawing only from the TSC distribution for the proteins already selected until the
total spectral counts for the original experiment was reached. The resulting simulated data set
thus closely resembles the original statistically, while allowing for randomized assortment of
proteins among experiments. To derive a reliable estimate we created at least 10 simulated
data sets for every version of the original, which was sufficient to reach convergence. Based on
the simulated data sets, we defined an HGSCore cutoff of 61.537 for 5% FDR in the final DPIM
data set. See Supplemental Table S3.

Prediction of protein complexes and enrichment analysis

The network of protein interactions filtered to 5% FDR was clustered using MCL (Enright et al.,
2002) (inflation coefficient of 3.0 and pre-inflation factor of 0.01). For each cluster, we searched
for statistically overrepresented Gene Ontology (GO) Terms (Ashburner et al., 2000), KEGG
pathways, and Pfam domains, using DAVID (Huang da et al., 2009). Resulting p-values were
further filtered to adjust for multiple hypothesis testing, keeping clusters based on a 0.01 Q-

value cutoff (Storey and Tibshirani, 2003). Calculations of annotated genes were made based
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on GO annotations corresponding to FlyBase release 5.23. We considered all protein-coding
genes with GO Evidence Codes other than ND and NR. Annotations with IEA Evidence Codes

were considered separately where indicated. See Supplemental Table S4.

Overlap of HGSCore and other methods with DrolID data sets

Seven of the eight DrolD 5.1 data sets (i.e. excluding “genetic interactions”) were used for this
analysis. Only those gene pairs with both genes identified in our affinity purifications were
considered. We counted the number of sources supporting each protein-protein interaction
subset classified by DrolD and defined four bins of pairwise interactions with increasing levels of
confidence i.e., supported by at most one, two, three or four independent sources and
computed the overlaps with DPiM. In addition to the HGSCore method, the coAP-MS data set
from 3,488 affinity purifications was also analyzed using other published scoring methods
(Breitkreutz et al., 2010; Gavin et al., 2006; Hart et al., 2007; Sowa et al., 2009). We used the
publicly available SAINT algorithm implementation (command line options were set to: 1000
10000 0.1 0 1 1) used by Breitkreutz et al. (Choi et al.,, 2011). Other algorithms were
implemented exactly as described in respective publications. As the total number of potential
protein interactions defined by each method was different, we compared the top 25,000
interactions reported from each of the methods with interactions listed in DrolD. Significance of
improvement in recall of DrolD interactions was calculated using Chi-square. The same analysis

was carried out on DPiM at 5% FDR to estimate sensitivity of our method.

Gene expression analysis

From the modEncode mRNA expression time course study across 30 points of male and female
fly development (Graveley et al., 2011), we calculated all-against-all Pearson correlation
coefficients for the 2,297 genes that are represented in the map. The entire distribution of
coefficients was then compared to the coefficients corresponding to the subset of interacting
pairs identified in DPiM.

Using the RPKM values from the RNA-Seq study of Drosophila S2R+ cells (Cherbas et al.,
2011) as a proxy for gene expression levels, we calculated the normalized differences between
absolute expression following Jansen et al. (Jansen et al., 2002).

Analogous calculations were also made using microarray gene expression data across 26

Drosophila tissues and the S2 cell line (Chintapalli et al., 2007).

Cross-species Validation of DPiM Interactions
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Orthology mapping was done using InParanoid7 best reciprocal hits (Ostlund et al., 2010).
Purifications of human baits were performed as described previously (Behrends et al., 2010)
with  minor modifications. ORF clones were obtained from the CCSB human ORFeome
collection (Lamesch et al., 2007; Rual et al., 2004) and subcloned into the pHAGE-N-FLAG-HA
vector by Gateway cloning. Proteins were expressed in 293F cells (Gibco #11625-019) after
transient transfection of 4ug of DNA into 20ml of cells using Effectene (Qiagen). Cells were
lysed in a total volume of 2ml of lysis buffer (50mM Tris-HCI pH7.5, 150 mM NacCl, 0.2%
Nonidet P40, Roche Complete, EDTA-free protease inhibitor cocktail) and processed using our
regular coAP-MS procedure. Mass spectrometry data were processed as described previously
(Behrends et al., 2010).

Evolution of complexes

To look at conservation of complexes across evolution, we compared those predicted from
DPIM with data available for yeast and humans. To ensure the best possible definition of
complex membership, we used two independent data sets for each organism. For yeast, we
relied on the consolidated experimental data sets from two large-scale studies (Gavin et al.,
2006; Krogan et al., 2006), re-analyzed by Pu et al (Pu et al., 2007). In addition, we used the
gold-standard manually curated data set known as CYC2008 (Pu et al., 2009) — an update to
the MIPS data set (Mewes et al.,, 2004). For human data, we relied on two independent
manually curated data sets — the REACTOME (Croft et al., 2011; Matthews et al., 2009) and
CORUM (Ruepp et al., 2008) databases. The complexes were aligned and displayed in
Cytoscape (Cline et al., 2007) with the help of DualLayout plugin (Sharan et al., 2005) as well as
other tools made available by the Resource for Biocomputing, Visualization, and Informatics
(RBVI) Center at UCSF.
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