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Supplemental Material: Further Data Analysis
Here we comment further on the analysis flow and different tests and imbed the supplementary figures with figure legends so that their results also are easier to understand.
We applied the Mann-Whitney U test to compare the average confidence scores of all four PPI networks and observed significant increase of confidence score from the preliminary network through DDI mediated filtering and localization-based filtering (Supplementary Fig. 1). However, we did not see the increase in the mean confidence score of final interactome after isoform merging. This is because the merging also eliminates the high confidence PPIs mediated by the isoforms. Although, the comparison of the proportions of high-confidence PPIs in the preliminary interactome and the final ant interactome indicated that the filtered network has significantly increased number of high confidence interactions (in preliminary 78%, in final 89%; Fisher’s exact test p-value < 2.2e-16). Note that the applied filtering steps also eliminated most of the low confidence PPIs (see low confidence zone in Supplementary Fig. 1). To confirm the elimination after successive filtering steps, we compared the low confidence PPIs proportion in all four interactomes in a pairwise way with Fisher’s exact test and observed a significant decrease in number of the low confidence PPIs between the preliminary, DDI-filtered and localization-filtered interactomes (in preliminary 4.5%, in DDI-filtered 2.2%, in localization-filtered 1.6% with maximum p-value < 3.4e-05). These analyses clearly indicate the improvement of network quality after the filtering steps (Supplementary Fig. 1)
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Supplementary Fig. 1. Network quality improvement. Effect of filtering steps observed by the change in average confidence score in successive interactomes. Confidence intervals shown with dashed lines. Decrease in the amount of low-confidence interactions can be observed under the 0.3 line. Increase in mean after each filtering step can be observed. HC, MC and LC represent high confidence, medium confidence and low confidence zones respectively.
The mean confidence score of the final interactome, after the isoform merging, did not change much. This is because the merging of this last step also eliminated some high confidence PPIs mediated by the isoforms. Nevertheless, the comparison of the proportions of high-confidence PPIs in the preliminary interactome and the final ant interactome indicates that it has a significantly increased number of high confidence interactions (in the preliminary network these are 78%, in the final 89%; Fisher’s exact test p-value < 2.2e-16). Note that the applied filtering steps also eliminated most of the low confidence PPIs (see low confidence zone in Supplementary Fig. 1).
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Pairwise GO similarities: 
To evaluate the functional relevance of PPIs in the final ant interactome we compared the semantic similarity scores of the interacting pairs with the random networks of non-interacting proteins. We first assigned the level-4 GO annotations (for molecular function) to all the proteins coded by the ant genome using Blast2GO. 
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[bookmark: _Hlk27690726]Figure 3. Pairwise Gene Ontology (GO) similarity comparison. Semantic similarity score between interacting (PPI) and non-interacting (nonPPI) protein pairs were compared in a pairwise fashion using the Mann-Whitney U test. Average scores for semantic similarity in molecular function level-4 GO annotations of interacting proteins and 30 random networks of non-interacting proteins are shown.

Next, we used the recently published GOGO algorithm (https://www.nature.com/articles/s41598-018-33219-y) (Zhao and Wang 2018) to measure the semantic similarity score of the high-confidence interacting pairs in the proposed ant interactome. We further generated the 30 random networks each with 100 random interactions among the proteins that were assigned to level-4 molecular function GO annotations using custom Perl script which can be accessed from the GitHub repository (https://github.com/ShishirGupta-Wu/ant_ppi). We made sure the random network did not contain any proteins pairs that appeared in the preliminary interactome. Using GOGO algorithm semantic similarity scores were assigned to the random networks (non-PPIs) and further these scores were compared with the interacting proteins in a pairwise way using Mann-Whitney U test. We observed that interacting protein set had the highest average score of 0,47 and was significantly higher than the average score in all the 30 non-PPI set (Figure 3 in results, shown above again). 
Differences between proteins localized in single versus multiple subcellular compartments 
We applied Fisher’s exact test to compare the proportion of multi-localized proteins in hubs and bottlenecks to non-hubs and non-bottlenecks, respectively. Supplementary Fig. 2 shows the systematic differences between the localization of bottlenecks and hubs of the ant interactome. For bottleneck proteins, 70% was found to be multi-localized, while only 56% of non-bottlenecks had multiple subcellular localizations (p-value = 9.6e-10). On the other hand, 62% of hubs had multiple localization, whereas the proportion for non-hubs was 56% (p-value = 0.001575). 
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Supplementary Fig. 2. Localization of hubs and bottlenecks. (a) Protein sets of hubs and bottlenecks tend to have a higher proportion of multi-localized proteins than ones of non-hubs and non-bottlenecks, respectively (61.7% of hubs vs 56.4% of non-hubs, 70.1% of bottlenecks vs. 56.1% of non-bottlenecks show multiple localization). (b) Similar plot is shown with normalized bar length to 100%.
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