Text S3. Reconstruction and analysis of protein similarity networks

In order to evaluate the functional relevance of our predicted SDPs and the signature residues derived from SDPs, we built protein similarity networks (PSN) for proteins in CARS based on their concatenated sequences of signature residues. As a comparison, we also built PSN based on the entire sequences of proteins. Here is a detailed description of the approach we adapted from 


[1] ADDIN EN.CITE  and used to build PSNs, and the same approach was used to build PSNs for both signatures and entire sequences: first, alignment were made with each pair of sequences using the “blast2seq” program from the NCBI toolkit [2] with a parameter of word-size equals to 1. The program returns an E-value for each pairwise alignment indicating the significance of an alignment (the lower the E-value, the more significant an alignment is); second, a threshold is chosen for the selection of sequence pairs that are significantly similar; finally, a network is built based on the pairwise E-values and the selected threshold. Each node in the network indicates a protein in CARS, and each edge in the network indicates that the pair of nodes linked by this edge has an alignment with E-value more significant than the selected threshold. The network was visualized using the Cytoscape software version 2.7 


[3] ADDIN EN.CITE , and the nodes in the network were arranged using the yFiles organic layout method.

Here we tested a number of different thresholds for the PSNs of both the signatures and entire sequences. When using relatively high thresholds (Figure 4, E-value no more than 1e-4 for entire sequences and no more than 1 for signatures), the PSN of entire sequence formed a big hairball that cannot help distinguishing isofunctional groups, whereas the PSN of signatures showed some functional-based clustering that splits the entire FGGY protein space into tightly clustered and largely mono-functional groups. When we increase the stringency of our thresholds (E-value no more than 1e-90 for entire sequences and no more than 1e-3 for signatures), however, the PSN of both entire sequences and signatures showed similar level of functional-based protein clustering that further splits the FGGY protein space into isolated islands of mono-functional groups. The fact that signatures, which are only five amino acids in length, could reproduce the clustering based on entire sequences, which are on average more than 500 amino acids in length, is significant. Considering that the clustering correspond with the functional classification annotated in CARS, our result strongly support the functional relevance of the signature residues that is derived from SDP prediction. 
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