Section 1
Preprocessing Steps for BGVM Data
Please download BGVM_preprocessing_applications.zip (http://www.stat.sinica.edu.tw/~gshieh/bgvm/BGVM_preprocessing_applications.zip) first, and unzip to a folder.
We have provided data and steps for data-preprocessing of BGVM on pairs of genomes in application 1 and four top correlated pairs of genomes in application 2. Please see the file genome_to_acc.doc included in the zip file for mapping of genome names to accession numbers.
Section 1.1
Steps for running application 1 or application 2

Step 1: Empty the folders “genomes_of_interest” and “ortholog_output”.
Step 2: Copy the protein files (.faa) and angle files (.txt) of all genomes of interest from the folder “protein_and_angle_files” to the folder “genomes_of_interest”. BGVM preprocessing code will automatically run on all possible pairings of the selected genomes of interest.
· For example, to run application 1, genomes 8 and 9, Copy NC_000853.faa (protein file for genome 8), NC_000853.txt (angle file for genome 8), NC_002754.faa (protein file for genome 9), NC_002754.txt (angle file for genome 9) from “protein_and_angle_files” to “genomes_of_interest”.
Step 3: Execute BGVM_preprocess.exe.
Step 4: Obtain result files from the folder “ortholog_output”. For the format of the output, please see Section 1.3. For those result files, you will need the angle of shared orthologs with no COGID labeling (e.g. NC_000853&NC_002754_sin.txt) for running BGVM in Section 2.
Section 1.2
Detailed steps for running the preprocessing steps for BGVM on your own application
You may want to “start from scratch” by searching prokaryotic genomes from NCBI and run BGVM on those genomes. In this section we describe the required procedure for doing so.
Section 1.2.1
Required data and files
1. Genome annotation files (.ptt.dat, in tab-delimited text files)
We provide .ptt.dat for 1638 prokaryotic genomes as a zipped file (BGVM_all_ptt_dat.zip), which is available from BGVM website (http://www.stat.sinica.edu.tw/~gshieh/bgvm.htm). You can find the RefSeq accession numbers by using the genome names to search on http://www.ncbi.nlm.nih.gov/genomes/. For example, if you enter Bacillus anthracis Ames as search keyword, you can find the accession number NC_003997 in the search result.
Content of an example .ptt.dat file is as follows.

	accession
	locustag
	protein_id
	start
	end
	length
	cog_id
	cog_cat
	product
	strand
	HGT

	NC_000853
	TM0007
	15642782
	6145
	7461
	1317
	COG1305:
	E:
	hypothetical protein
	-1
	

	NC_000853
	TM0628
	15643393
	662506
	663567
	1062
	COG0438:
	M:
	hypothetical protein
	-1
	PUTAL


A .ptt.dat file contains both the information in a .ptt file from NCBI (ftp://ftp.ncbi.nih.gov/genomes/Bacteria) and predicted horizontally transferred genes (HGT) (predicted by Colomb-SIGIHMM, http://www.tcs.informatik.uni-goettingen.de/colombo-sigihmm). Predicted HGT genes are marked as “PUTAL” in the HGT column.
2. Protein sequence files (.faa) 

The protein sequence files can be downloaded from NCBI (ftp://ftp.ncbi.nih.gov/genomes/Bacteria).
The .ptt and .faa files for the results in the paper were downloaded in February 2009.
3. BGVM execution code BGVM_preprocess.exe; amino acid similarity score file PAM-250.txt; genome length data file genome_length.txt; and a configuration file config.txt, which will be explained in the next section. Visual C++ was used to compile the execution code.
Section 1.2.2
Setting up the execution environment
1. First, create a new folder for BGVM preprocessing binary file. Put BGVM_preprocess.exe, PAM-250.txt, genome_length.txt, and config.txt in that folder.
2. In the BGVM folder, create four new folders
(1) “angle1”: for storing angle files parsed from .ptt.dat file

(2) “ptt_dat”: for storing .ptt.dat files

(3) “genomes_of_interest”: for storing .faa files

(4) “output”: for storing output (this folder could be named as you want)

3. Put .ptt.dat files to the folder “ptt_dat” and protein files (.faa) to the folder “genomes_of_interest”. You need paired .ptt.dat and .faa files for one bacterium to process.
4. Configure your config.txt (please make sure the folder names exactly match your 
	# filename containing the length of each genome

GenomeSizePath=genome_length.txt
# Directory containing .ptt.dat files

TranformDataDir=.\\ptt_dat\\

# You don’t need to change this

TranformDataFormat=.dat

# You don’t need to change this

TranformDataSubFormat=.ptt

# You don’t need to change this

TranformDataOutPath=.\\angle1\\

# Directory containing .faa files and for putting new angle files.

AnglePath=.\\genomes_of_interest\

# You don’t need to change this

AngleFormat=.txt

# You don’t need to change this

AlignmentFlag=TRUE

# Directory for storing outputted shared ortholog genes.

PairOutputPath=.\\output\\

# Protein sequence similarity cutoff for ortholog genes. 

# Higher value means the protein products need to be more similar 

# in sequence for two genes to be considered as ortholog genes.

Similarity=0.7


setting in step 3 of this subsection) using following format:
Section 1.2.3
Running the preprocessing code

1. Empty the folders “angle1” and “output”.

2. Remove all previous .txt files in the .faa folder “genome_of_interest”.
3. Run BGVM_preprocess.exe.
4. Copy angle files (.txt) from “angle1” to “genome_of_interest”. Please only copy the angle files (.txt) that match the existing protein files (.faa) in the folder “genome_of_interest”.
5. Run BGVM_preprocess.exe again.
After these steps, the positions of all non-HGT genes in the bacteria genome are converted to angles. HGT genes are filtered out. The computed one-to-one and many-to-many shared orthologs for each species pair will be placed in the folder “output”.
Caution: The computation of shared orthologs may take longer to complete if the number of species is large.
Section 1.3
Format of the result
1. One-to-one shared orthologs

Ortholog genes (same COG ID with protein similarity exceeding cutoff defined in the configuration file) in the two species are paired together. Here, only the pair with the genes which are closest in angle is outputted for each ortholog gene group. There are two result files for each pair of species: In the files with suffix “_COG.txt”, the COG id of each ortholog gene group is also outputted.
Example outputs of one-to-one shared orthologs 
(partial output of NC_000853&NC_002754_sin.txt, the result of (Genome #8, Genome #9) in Application 1)
Column 1: angle of the ortholog gene in the first species

Column 2: angle of the ortholog gene in the second species

	2.56255
302.463

2.67573
302.433

2.73416
302.288

2.96613
302.184

329.182
344.617

4.9829
336.446

333.889
336.542

240.702
286.569

5.49463
338.403

7.10413
240.125

7.91537
0.767103

15.118
334.504

39.4573
50.3751



(partial output of NC_000853&NC_002754_sin_COG.txt, the result of (Genome #8, Genome #9) in Application 1)
Column 1: angle of the ortholog gene in the first species

Column 2: angle of the ortholog gene in the second species

Column 3: COG ID of the ortholog group
	2.56255
302.463
COG1014:

2.67573
302.433
COG1144:

2.73416
302.288
COG0674:

2.96613
302.184
COG1013:

329.182
344.617
COG1028:

4.9829
336.446
COG4608:

333.889
336.542
COG0444:

240.702
286.569
COG1173:

5.49463
338.403
COG0601:

7.10413
240.125
COG1618:

7.91537
0.767103
COG0006:

15.118
334.504
COG1472:

39.4573 50.3751
COG0609:


2. Many-to-many shared orthologs

Ortholog genes (same COG ID with protein similarity exceeding cutoff defined in the configuration file) in the two species are paired together. Here, all possible pairs are listed, for each ortholog gene group. Ortholog gene groups are separated by a row with two “1001” markings.
Example of many-to many shared orthologs

(partial output of NC_000853&NC_002754_mul.txt, the result of (Genome #8, Genome #9) in Application 1)

Column 1: angle of the ortholog gene in the first species

Column 2: angle of the ortholog gene in the second species
	1001
1001

2.56255
125.968

2.56255
302.463

1001
1001

2.67573
302.433

1001
1001

2.73416
125.797

2.73416
235.339

2.73416
302.288

1001
1001


Section 2
Steps for Running BGVM
The following codes can be executed separately according to users’ needs.
· First you need to have R (downloadable from http://www.r-project.org/) and MATLAB installed.
· Create a BGVM folder, e.g. C:\BGVM. 
· As input data, copy angle files of one-to-one shared orthologs (without COGID) from the output folder of the preprocessing steps (e.g. ortholog_output in step 4 of Section 1.1) to the BGVM folder. 

· For example, to run genomes 8 and 9 in application 1, copy NC_000853&NC_002754_sin.txt to the BGVM folder.
· Please download the code for Sections 2.1-2.4 from BGVM website http://www.stat.sinica.edu.tw/~gshieh/bgvm.htm 
Section 2.1
Test for symmetry

Step 1: Download R code (test_for_symmetry.R) to the BGVM folder.
Step 2: Copy and paste the code to R and run it (Section 2.5.1 for details). Output file, Sym.txt, will be saved in the BGVM folder.
Section 2.2
Calculate 10 MLE parameters of BGVM and Likelihood ratio
Step 1: Download R code (MLE_LR-test.R) to the BGVM folder.
Step 2: Copy and paste the code to R and run it (Section 2.5.2 for details). Output file, MLE.txt, will be saved in the BGVM folder.

Section 2.3
Calculate rg, rp, rpg and LR-test

Step 1: Download MATLAB code (rpg.zip) to the BGVM folder, and unzip it, which contains:
(1) main function: rpg.m
(2) subroutine: asymp.m, mlerg.m, cdfF2.m, CI.m, gvmconst.m, gvmises.m, gvmnormconst.m, CV.m
Step 2: Add BGVM folder to MATLAB path (File(Set path(Add folder(add “rpg” folder path).
Step 3: Copy and paste the code in rpg.m to MATLAB and run it (Section 2.5.3 for details). Output files, rg.txt, CI.txt, CV.txt, LRtest.txt, rp.txt and rpg.txt, will be saved in the BGVM folder.
Section 2.4
Plot the rose diagrams
Step 1: Download MATLAB code (rose_diagrams.m) and angle.txt to the BGVM folder.
Step 2: Copy and paste the code to MATLAB and run it (Section 2.5.4 for details). Output file, e.g. 1_2.fig, will be saved in the BGVM folder.
Section 2.5 Detailed information of how to run BGVM
Format of angles of shared ortholog genes in a genome pair (used as input data here) is described in Section 1.3 (the ones without COG ID annotation, e.g. NC_000853&NC_002754_sin.txt).

If you run BGVM on a group of Genomes, you need to copy ortholog output for all possible genome pairs in this group of genomes, e.g. to run BGVM on Genomes #7, #8, and #9 in Application 1, we need to copy three tiles:
NC_000853&NC_002754_sin.txt

NC_000853&NC_004557_sin.txt

NC_002457&NC_004557_sin.txt
Assume you created the folder BGVM in drive C.
Section 2.5.1 Details for test for symmetry
For example, to run BGVM on Genome #8 and #9 in Application 1

Accession number of genome #8 is NC_000853, and accession number of genome #9 is NC_002754, so some modifications are required in test_for_symmetry.R.
	Line 14: list <- c("NC_000853", "NC_002754")

Line 15: per <-c("NC_000853", "NC_002754")


For how to order list and per in lines 14 and 15, please see lines 1 to 12 in test_for_symmetry.R

Remember to change your working folder to the BGVM folder:
	Line 16: setwd("C:\\BGVM")


The symmetry test result, Sym.txt, will be in your working folder with the following format:
	Sym.txt content
	Meaning

	0.66081068

1.959963985

0

5.230416496

1.959963985

1
	Tn-value of genome #8
97.5% critical value of genome #8
Symmetry test result of genome #8
Tn-value of genome #9
97.5% critical value of genome #9
Symmetry test result of genome #9


Section 2.5.2 Details for calculate 10 MLE parameters of BGVM and Likelihood ratio

Some modifications are required in MLE_LR-test.R:

	Line 16: list <- c("NC_000853", "NC_002754")

Line 17: per <-c("NC_000853", "NC_002754")


For how to order list and per in lines 16 and 17, please see lines 1 to 12 in MLE_LR-test.R
Remember to change your working folder to the BGVM folder:
	Line 18: setwd("C:\\BGVM")


The output file, MLE.txt, will be in your working folder with following format:
	MLE.txt content
	Meaning

	0.202636719
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	1
	the number of genome #8

	2
	the number of genome #9

	2.731500986
	Likelihood ratio


Section 2.5.3 Details for calculate rg, rp, rpg and LR-test
Some modifications are required in rpg.m:

	Line  8: list = {‘NC_000853’; ‘NC_002754’};
……

Line 49: n = [1585 2174];


In line 8, order list from small accession number to large accession number.
In line 49, n contains the number of genes in genomes of interest, e.g. 1585 is the number of genes in Genome #8.

How to know the number of genes in genomes of interest: For example, for Genome #8, open NC_000853.txt in the protein_and_angle_files folder in Section 1.1 and calculate the number of non-empty rows.

We provide the information for Application1 and Application 2 in lines 47 and 48 of rpg.m, you can use it.
	Line 47: n=[1585 3050 2174 2030 3695 2782 1912 3949 1375]; 
Genes number of each genome in application 1, and order by line 3
Line 48: n=[476 689 782 1037 726 1016 691 633 659 657 657 812 742];
Genes number of each genome in application 2, and order by line 5


Remember to change your working folder to the BGVM folder:
	Line 9: cd(‘C:\\BGVM’)


After calculation, 6 files will be produced and stored in the BGVM folder including:
(1) rg.txt
	Content

	Meaning

	5.000000e-002
	rg


(2) CI.txt
	Content

	Meaning

	(-0.8, 0.91)
	Confidence Interval (CI)


(3) CV.txt
	Content

	Meaning

	2.955000e+000
	Critical Value (CV)


(4) rp.txt
	Content

	Meaning

	1.100000e-001
	rp


(5) rpg.txt
	Content

	Meaning

	8.000000e-002
	rpg


(6) LRtest.txt
	Content

	Meaning

	0
	LR-test result


For LR-test, 0 represents not rejecting H0, indicating the structure of genome i and genome j are distantly related, and 1 is vice versa.
Step 4: Details for plot the rose diagrams
Some modifications are required in rosediagram.m:

	Line 13: list = {‘NC_000853’; ‘NC_002754’};
Line 14: per = {‘NC_000853’; ‘NC_002754’};


For how to order list and per in lines 13 and 14, please see lines 1 to 12 in rose_diagrams.m
Remember to change your working folder to the BGVM folder:
	Line 15: cd(‘C:\\BGVM’)


The output figure (*.fig), 1_2.fig for example, will be in C:\BGVM, and the left circular plot is for genome #8, and the right one is for genome #9.

The output figure (.fig) can be displayed by MATLAB.
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