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Abbreviations Used in This Manual

The following describes the abbreviations used in this manual:

	MI
	Mutual Information



	TF(s)
	Transcription Factor(s)



	DPI
	Data Processing Inequality



	GEP


	Gene Expression Profiles

	ADJ
	Adjacency Matrix 



	BS
	Bootstrap




1. Preparing the Input File
The first step in using ARACNE is to import data. Currently, ARACNE only reads TAB-delimited text files in a particular format, described below. Such files can be created and exported in any standard spreadsheet program, such as Microsoft Excel. 
By convention, ARACNE inputs can be represented as tables where rows represent variables (e.g. ProbeSets in Affymetrix GEP dataset) and columns represent samples or observations (e.g. a single microarray experiment). There is one general rule that applies to all the entries in the table: no TAB character should be contained in any entry, because it will cause parsing problems to the program. Using an Affymetrix GEP dataset as an example, a sample ARACNE input file would look like the following (Figure 1):
	ColHeader1

ColHeader2

SampleName1

SampleName1

…

Description

…

Description

AffyProbeId1

ProbeAnnot1
3.6

0.5

2.8
AffyProbeId2

ProbeAnnot2
4.5
9.8
5.6
…

…
…
…
…


	Figure 1. Sample input file format for ARACNE


Each variable row has a unique identifier (in green) and an annotation (in orange) that always go into the first and the second column respectively. Here we are using the Affymetrix ProbeSet ID as the identifier. The annotation field for each variable has a non-trivial use in the ARACNE program: if multiple variables have the same annotation field (match by string, case sensitive), they will be treated as duplicates of each other, thus no MI will be computed between them. If an annotation is not available for a variable, use the string “---” in the corresponding field. For an Affymetrix GEP dataset, one may use the HUGO gene symbols or Entrez Gene identifiers for the annotation fields. Since multiple Affymetrix ProbeSets can sometimes map to the same gene symbol, MI will not be computed between such ProbeSets, unless both gene symbols are not available. 
Each sample column has a label (in blue) that is always in the first row. These labels can be any string describing a sample, experimental conditions, cell types and so on. The first and second columns of the first row (in red) can contain arbitrary text, e.g. “AffyID” and “Annotation”. 
There can be an arbitrary number of rows inserted after the first row (shaded in yellow). They must have the same number of columns as the rest of the table, and the first column must use the label “Description” (case sensitive). Such lines will be ignored by the program, but they can be used to store additional information about each sample, such as clinical variables. 

The remaining cells in the table contain data for the appropriate variable and sample. For example, the “3.6” in the row corresponding to “AffyProbeId1” and column 3 means that the observed expression value for “AffyProbeId1” in “SampleName1” was 3.6. Missing values are not acceptable in the dataset.

2. The Output File

Before we move on to the usage of the ARACNE program, let’s first introduce the format of its output, which will be mentioned frequently in the following sections. By default, the program will output the results into a file with extension “.adj”, which stands for an adjacency matrix file (or ADJ file). The ADJ file contains an adjacency-list representation of the full matrix, in which only inferred interactions are represented. To continue the example we used in Figure 1, a sample ADJ file is shown in Figure 2.

	>        

Input file

input_file.exp
>
ADJ file
adjacency_matrix.adj

>
Output file
Output_file.adj

>
Algorithm
Accurate

>
Kernel width
0.15

>
No. bins
6

>
MI threshold
0.065

>
MI P-value
1e-7

>
DPI tolerance
0.15

>
Correction
0

> 
Subnetwork file
>

Hub probe

>

Control probe
>
Condition
>
Percentage
0.35
>
TF annotation
tf_list.dat
>
Filter mean
50
>
Filter CV
0.3
AffyProbeId1

AffyProbeId2

0.08

AffyProbeId5

0.15

…

AffyProbeId2

AffyProbeId1

0.08

AffyProbeId3

0.22

…

…

…

…

…

…

…



	Figure 2. Sample ARACNE output.


The first 18 (fixed) lines of the ADJ file record all the parameters used by the program to generate the file. They all start with a “>” character, so that they can be parsed by any scripting language easily. 

The rest of the rows are TAB-delimited, containing all the interactions inferred by ARACNE. The first column (in green) is always the identifier of the variable whose interactions are being reported on the row. The rest of the entries in each row consist of identifier (in orange) – MI value pairs. For example, the row corresponding to “AffyProbeId1” can be read as the following: the MI between “AffyProbeId1” and “AffyProbeId2” is 0.08, and the MI between “AffyProbeId1” and “AffyProbeId5” is 0.15, etc. Interactions are stored symmetrically, thus the interaction between “AffyProbeId1” and “AffyProbeId2” is also reported on the row corresponding to “AffyProbeId2”. Each row may have different number of entries depending on the number of interactions a variable has. Variables that have no inferred interactions by ARACNE will be absent from the output file. 

3. Running ARACNE at Command Line
The command line syntax for the ARACNE program is the following:

For Linux Machines:
aracne [OPTIONS] 

For Windows Machines:

aracne.exe [OPTIONS] 

If no options are provided, the program will display a help message. The available options are described below. The options and their arguments should be separated by a space character. Note that the order of the options is not important, but the number of arguments following each option must be exactly as shown here. 

	ARACNE Options
	Domain
	Default Value
	Description



	–i <file>
	Directory path and file name

	
	Load the input data file to ARACNE 



	–o <file>
	Directory path and file name


	Derived

from the input file 


	To specify a different name for the output file1


	–j <file>
	Directory path and file name


	
	Load an existing ADJ file2 



	–a <accurate|fast>
	
	accurate
	Specify which method to use for the MI estimation. The “accurate” method uses a fast Gaussian kernel estimator as in [1]; the “fast” method estimating MI using a histogram method introduced in [2], which is less accurate but significantly faster than the “accurate” method


	–k <kernel width>  
	Real number in (0, 1)


	Determined by the program
	For the “accurate” method only: specify the kernel width for the Gaussian kernel estimator3 



	–b <# bins>
	Positive integer


	6
	For the “fast” method only: specify the number of bins used for the histogram method3


	–t <threshold>
	Non-negative read number


	0.0 (no threshold)
	Threshold for a MI estimate to be considered statistical different from zero4


	–p <p-value>
	Real number in (0, 1]


	1.0 (no threshold)
	Significance level (e.g 1e-7) for a MI estimate to be considered statistically different from zero4


	–e <tolerance>

	Real number in [0,1]
	1.0 

(no DPI)
	DPI tolerance: percentage of MI estimation considered as sampling error5


	–h <probeId>
	Probe identifier string

	NONE
	Reconstruct only interactions with the “probeId”6


	–s <file>
	Directory path and file name


	NONE
	Load a file containing a list of “probeId”s in the dataset and reconstruct only their interactions6


	–l <file>
	Directory path and file name


	NONE
	Load a file consisting of “probeId”s in the dataset that are annotated as TFs, in order to maximally preserve transcriptional interactions during the DPI process7


	–c <+/-probeId %>
	
	NONE
	Conditional network reconstruction: reconstruct the network interactions in the subset of samples where the “probeId” is in its high/low (corresponding to +/- respectively) percentage (%) of its expression range, e.g. “-c +probe_id_1 0.35”

	–f <mean> <cv>
	Non-negative real numbers
	Mean=0.0 CV=0.0
(no filter)
	To filter non-informative genes whose mean expression value is smaller than <mean>, or whose coefficient of variance (CV) is smaller than <cv>


	–r <sample no.> 

	Non-negative integers
	0 (no BS)
	Reconstruct a bootstrapping network using re-sampled (with replacement) samples8


	–H <directory>
	Directory path
	“./”, i.e. current working directory


	To specify the directory path where the program’s configuration files can be found. 


	--help
	
	
	To display the command line help message



1 If an output file is not specified by the user, the program will automatically generate one by appending the various parameters used by the program to end of the input file name, and adding the “.adj” extension. For example, suppose a user invokes ARACNE with the following command:
aracne –i /data/infile.exp –k 0.15 –t 0.04 –e 0.1 

Then the output file created by the program will be “/data/infile_k0.15_t0.04_e0.1.adj”.
2 This is a very useful command: since MI computation is the most time-consuming step of ARACNE, users can compute and store all pair-wise MIs (i.e. using zero threshold and 100% DPI tolerance) only once by generating a full ADJ file. This file can be loaded into the program with the “–j” option anytime to apply further MI thresholding or DPI. Note that the input data file must also be specified by “–i” option when loading an ADJ file using “–j”.

3 The general rule-of-thumb is that the larger the kernel width for the “accurate” method, the smaller the estimated MI value; similarly, the less the number of bins used for the “fast” method, the smaller the MI values. Currently, the number of bins is arbitrarily set by the user through the ‘-b’ option. The program can automatically provide an optimal kernel width using the method introduced in the attached Technical Report. Users can also supply their own kernel width using the ‘-k’ option. Note: since our method computes MI on copula-transformed data (i.e. all data points are rescaled to be uniformly distributed between 0 and 1), a sensible kernel width should also be within the range of (0, 1).
4 An MI threshold can be either specified by users directly through the “–t” option, or computed by the program given a user specified statistical significance level, i.e. a p-value supplied with the “–p” option (please refer to the attached Technical Report for details). Once a non-zero MI threshold is specified by users, the ‘–p’ option will be ignored. 
5 To accommodate MI estimation errors, DPI is performed with certain tolerance. 100% tolerance means that all triplets will be preserved by the program (i.e. no DPI applied); on the other hand, 0% tolerance indicates that all triplets will be broken at the weakest edge. Therefore, a desirable tolerance will therefore lie between 0 and 1. Our empirical analyses showed that a tolerance between 0% and 20% generally produces satisfying results. 
6 Although ARACNE is an algorithm with polynomial complexity, reconstructing the entire network of a large number of variables can be highly time-consuming. If the user wants to focus only on a particular variable or a subset of variables in the dataset, “–h” and “–s” options can be used to reconstruct the network interactions only around the variable(s) of interest. In this case, the output ADJ file will contain only the rows corresponding to these variables. The option “–s” should be followed by a file listing variables under consideration. Using again the Affymetrix GEP dataset as an example, the format of the file is shown in Figure 3. 

	AffyProbeId_1<\n>


	AffyProbeId_2<\n>


	AffyProbeId_3<\n>


	…



	

	Figure 3. Format of the file specified by the “–s” or “–l” option.  


7 For the reverse engineering of transcriptional interaction network using GEP data, the knowledge of all TFs in the dataset can guide the program to apply DPI in a more sensible way, as illustrated in Figure 4. The list of all genes annotated as TFs in the dataset can be stored in a file in the same format as that in Figure 3, and provided to the ARACNE program using the “–l” option. 
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	(d)

	Figure 4. DPI integrated with the TF annotation information. The node in blue represents the TF of interest; “nTF” means a gene other than TFs. In all panels, suppose I1 > I2 > I3. Without TF annotation information, DPI will always remove the edge with I3. However, if we know which genes encode TFs, panels (a) – (d) show all possible combinations of node annotation. In panels (b) – (d) the implementation of DPI is not affected; however, in panel (a) the edge with I3 will be protected from removal, since DPI is designed to remove indirect interactions mediated through two transcriptional interactions, and the interaction between two “nTF”s can not be transcriptional.  


8 The Bootstrap is a statistical technique to obtain estimates of sampling errors on statistics computed from finite samples. In ARACNE, it can be used to assign confidence to each inferred edge in the network. To do so, one usually needs to generate a large number of bootstrap networks, and then take the consensus of the edge appearances.  This process is in general highly computationally intensive, and it may require the use of a computational cluster. The ARACNE program provides the functionality to reconstruct a single bootstrap network, which can be invoked through the “–r” option followed by a positive integer. This positive integer serves two purposes: 1) it is used as the seed of the pseudo-random number generator. Since bootstrap involves random processes, this number should be different for each bootstrap network to guarantee the randomness; 2) it may be used to distinguish between the outputs of different bootstrap network reconstructions; if output files are not specified by the user, the program will append the string “_r<sample no.>” at the end of output file name. For example, if the following command is issued:

aracne –i /data/input.exp –k 0.15 –t 0.05–r 1

The output file will be “/data/input_k0.15_t0.05_r001.adj”. 

4. Configuration Files

Three configuration files are required for the ARACNE program to function properly. 

1. config_kernel.txt
This file stores the parameters used by the ARACNE program to extrapolate the kernel width for a given dataset based on the number of samples in it. This extrapolation is derived using our human B Cells GEP dataset using the Affymetrix HG-U95Av2 microarrays. We believe these parameters will not be very different for other datasets with similar experimental noise and similar connectivity properties of the underlying regulatory network. However, users have the flexibility of specifying their own kernel width parameter to the ARACNE program using the “–k” option; or one can regenerate this configuration file using the scripts we provide on his/her own dataset to fine tune these parameters.

2. config_threshold.txt
This file stores the parameters used by the ARACNE program to extrapolate the MI threshold for a given dataset based on the number of samples in it, as well as the desired statistical significance level a user specifies by the “–p” option. Again, this extrapolation is derived using our GEP dataset. In addition, users can supply the program with their own MI threshold, using the “–t” option, or one can regenerate this configuration file using the scripts we provide on his/her own dataset to fine tune these parameters.

3. usage.txt
This file contains the display message when the “aracne” command is issued without any option, or with the “--help” option.

By default, the ARACNE program will look for these configuration files in the current working directory. If the program is run from elsewhere, users can use the “–H” option to indicate the path to the directory where these configuration files are stored. 

Details of the methods on extrapolating the kernel width and MI thresholds are documented in the Technical Report distributed with ARACNE program. Also included are the MATLAB scripts and functions used to produce the configuration files. If users want to re-produce the configuration files to fine-tune the parameters used by ARACNE, they can run the following two scripts on their own dataset:

· for config_kernel.txt, use the script generate_kernel_width_configuration.m
· for config_threshold.txt, use the script generate_mutual_threshold_configuration.m
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