ISIPS_1.0.R
User Guide

Annie Glatigny, Marie-Hélène Mucchielli

Sept, 2016
1. General Description

The ISIPS_1.0 (In Silico Identification of Protein Subcomplexes) script allows user:
1- To collect direct protein-protein interactions (PPI) concerning a list of proteins or a protein complex to study, from public databases (iRefIndex, BioGRID, etc) and personal data.
2- Using direct interactions and via a hierarchical clustering algorithm, it can look for the subcomplexes involved in the assembly process. 
3- To search for proteins linked to at least two subunits of each subcomplex and that could be involved in the biogenesis of the complex. 
ISIPS_1.0 is an R script calling functions of the R package ape, as well as the functions specifically designed for ISIPS_1.0 (FUNCTIONS-ISIPS_1.0.R) contained in the package ISIPS_1.0. 
The script is organised into steps, new steps being easily added. Additional methods in any step can also be added easily.
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2. ISIPS_1.0 Use

2.1. Inputs : requirements to run the analysis

In the import, a text file (InputList.txt) composed of 5 columns and n rows (n proteins of the complex). See example below:
	Name
	UniProt ID
	UniProt Name
	alias
	systematic Name

	COR1
	P07256
	QCR1_YEAST
	QCR1
	YBL045C


The inputList name will be used to give the name of the directories and the files created during the progress of the script. The name should be as short and representative as possible.
The script also require a folder “IrefIndex.Name of the species” (example: IrefIndex.Saccharomyces cerevisiae S288c) were the databases are stored. You can add personal data in the same format as other bases in this folder.
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2.2   Performing an analysis
To start an analysis, open R and execute the script ISIPS_1.0.R. To execute the script, for MS-Windows and Machintosh users, the file *.R has to be selected in the top menu "File" -> "Source File...". For Unix users, the following command source (“path/*.R”) has to be entered in the R console. 

At each step of the analysis procedure, there is always a final question to validate the input allowing the user to go back if an error has been made.

When the analysis is over, the R console is free. Some warnings may appear. These warnings are generated by some functions used in the script and should usually not be taken into consideration. 
2.3 Outputs : the Results folder

All the outputs of the analysis (tab delimited text files and jpeg format) are stored in a unique organised folder “name of the inputList file - experience type” (physical, genetic or both).
The folder is organised as follows:
A Summary file that stores the database files, procedures and parameters chosen by the user all along the analyse 


Network


Direct (the network of the direct PPI of the proteins of the inputList) 
· file of redundant PPI (.txt)
· file of unredundant PPI (.txt)
· file of partially redundant PPI (.txt): the same PPI coming from different publications are conserved.

Results


Folder with the Name of the chosen metric (see 3.3)



- text file with the hierarchical clustering (HC.txt)




- Representation of the hierarchical clustering (Tree.jpeg)




- text file with the successive distance matrices between the 


proteins of the complex and/or the subcomplexes aggregated 


during the clustering (DIS.text)



- All the files containing the proteins interacting with all members 


of each subcomplex (Proteins_Names of the members of the 


subcomplex.txt)
3. Analysis Procedure

3.1. Data Import Stage

The import stage consists in selecting and extracting the data from the files. The names of the input file to be analysed and the databases folder are requested. These names are important because they are the ones used during the entire analysis procedure. 
Type the name of the inputlist file : ComplexX.txt

> Select the interaction type



[1] Physical



[2] Genetic



[3] Both


>  1
SELECT THE DATA FILES



[1] ComplexX_PrePPI-Database.txt



[2] Saccharomyces cerevisiae S288c-biogrid-oct16.txt



[3] Saccharomyces cerevisiae S288c-intact-oct16.txt



[4] Saccharomyces cerevisiae S288c-bind.txt



[5] Saccharomyces cerevisiae S288c-biogrid-sept15.txt



[6] Saccharomyces cerevisiae S288c-dip.txt



[7] Saccharomyces cerevisiae S288c-intact-sept15.txt



[8] Saccharomyces cerevisiae S288c-mpact.txt



[9] All the Data Files


 WARNING : to select more than one file, the database numbers must be separated by comas



1,2,3,4,6,8
PrePPI_database-sansBI2-BI3-BI4_cutoff0.5.txt 

Saccharomyces cerevisiae S288c _biogridjuin.txt 

Saccharomyces cerevisiae S288c_intactjuin.txt 

Saccharomyces cerevisiae S288c-bind.txt 

Saccharomyces cerevisiae S288c-dip.txt 

Saccharomyces cerevisiae S288c-mpact.txt 

3.2. NETWORK BUILDING

ISIPS_1.0 builds the network by selecting in the database files the PPI of the proteins of the inputList file and by merging all these PPI in a same object. At this moment, the user can discard the PPI of a protein with itself. 

> Eliminate the interactions involving a protein with itself ? y/n : y
 In a second step, it discards the (total or partial) redundancy between the PPI coming from different databases from the uniprotID of the two proteins of each PPI. Between the different databases, the same protein can have the same GeneName but different UniprotIDs or the same UniprotID but different GeneNames. In this case, ISIPS_1.0 warns the user with a WARNING message given the GeneNames and the UniprotIDs of the problematic proteins and proposes to correct these names in a new file.
Example:

WARNING !! The UniprotID Q08232 has 2 GeneNames : YOL073C DSC2 

WARNING !! The UniprotID P02994 has 2 GeneNames : TEF2 TEF1

> Two files containing the list of the direct Protein-Protein interactions (Redundant, Unredundant) have been saved in the directory Network/Direct.

> If you want to change some IDs or eliminate some interactions before to cluster the PPI Network, you can modify the files PPI-redundantComplexX.txt

> Did you change the file PPI-redundantComplexX.txt ? y/n : n
3.3. FINDING POTENTIAL SUBCOMPLEXES

ISIPS_1.0 finds potential subcomplexes by using a hierarchical clustering of the proteins of the complex (given in the inputList). The clustering method is based on a proximity score between the proteins of the complex that can be chosen by the user. By default, it is the Jaccard Index. More formally, for two sets P1 and P2 of proteins both included in a complex C,
proximityJaccard (P1,P2) = O11/(O11+O12+O21),

where:

· O11 is the number of proteins not in C which are interacting with all the proteins in P1 and all the proteins in P2,

· O12 is the number of proteins not in C which are interacting with at least one protein in P1 but no protein in P2,

· O21 is the number of proteins not in C which are interacting with at least one protein in P2 but no protein in P1,

· O22 is the number of proteins of the network that are not in C and that are interacting with no protein in P1 and no protein in P2.

Denoting by:

· R1=O11+O12, the number of proteins not in C which are interacting with at least one protein in P1,

· R2=O21+O22, the number of proteins not in C which are interacting with no protein in P1,

· C1=O11+O21, the number of proteins not in C which are interacting with at least one protein in P2,

· C2=O12+O22, the number of proteins not in C which are interacting with no protein in P2,

· N=R1+R2=C1+C2, the number of proteins not in C,

· E11=R1C1/N, the expected number of proteins not in C interacting with at least one protein in P1 and at least one protein in P2,

· E12=R1C2/N, the expected number of proteins not in C interacting with at least one protein in P1 and no protein in P2,

· E21=R2C1/N, the expected number of proteins not in C interacting with at least one protein in P2 and no protein in P1,

· E22=R2C2/N, the expected number of proteins not in C interacting with no protein in P1 and no protein in P2,


the other proximity scores proposed by ISIPS_1.0 are:

· the Liddell proximity: proximityLiddell(P1,P2) = (O11*O22-O12*O21)/(C1C2),

· the Dice proximity: proximityDice(P1,P2) = 2*O11/(R1+C1),

· the χ² proximity: proximityChiSquared(P1,P2) = N*(O11-E11)²/(E11*E22)

· the z-score proximity: proximityZScore(P1,P2) = (O11-E11)²/√(E11)

· the minimum sensitivity proximity: proximityMS(P1,P2) = min(O11/R1, O11/C1)

References about these formulas are available in the PhD thesis of Stefan Evert (Evert, Stefan. The Statistics of Word Cooccurrences: Word Pairs and Collocations. Dissertation, Institut für maschinelle Sprachverarbeitung, University of Stuttgart, 2004, published in 2005, http://www.stefan-evert.de/PUB/Evert2004phd.pdf)

