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User’s Guide:
proteogest
A perl-based computer program for in silico proteome analysis to facilitate proteomics experiments using mass spectrometry

From the Emili Informatics Group at the University of Toronto

www.utoronto.ca/emililab
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Installation

· proteogest is designed to work on both the Windows and the Unix platforms.

· In order to run proteogest, you must install Perl.  Perl can be downloaded from www.perl.org INCLUDEPICTURE "http://www.perl.org/Images/title.gif" \* MERGEFORMATINET 


  or 

 www.activestate.com.

· Install proteogest in the same directory as Perl.  Your output files will also appear in the same directory.

· Your input file will be the proteome of the particular species of interest and it must be in FASTA format.  If your file is not in FASTA format, you can convert it to FASTA using various proteomics tools available on the web.  

· Your FASTA input file must be in the same directory as proteogest .

Guide to the Software


proteogest is designed for use in science laboratories, more specifically in proteomics, bioinformatics, and genomics research.  This software allows the analysis of an entire proteome of a species.  It provides insight on three levels: the proteome, the proteins, and the peptides of the species.  Various statistics are provided for all three levels.  


proteogest takes every protein of the specified proteome, one by one, and digests the proteins at the specified cleavage criteria (amino acids or sequences of amino acids specified by the user) into peptides.  Various options are available to the user for specifying digestion, missed cleavages, wildcards, modifications, length, and redundancy.

Digestion of a proteome

In order to run proteogest on the proteome (fasta file) of your choice, the command line arguments must be correctly provided by the user.

· The user can choose to digest the proteome using one or a combination of enzymes.

· The user may also specify a particular pattern of digestion desired in the text box at the bottom of the left column.  proteogest is very flexible in digesting the proteome.  Any pattern can be specified, as long as the program can understand and read it correctly.

· It is important that you place an “X” where you want the digestion to take place.  This quality provides another level of flexibility because the proteome can be digested before or after a certain pattern i.e. XST vs. STX. 

· Different patterns i.e. XST, XGGK specified for the digestion of the proteome, must be separated by commas, ensure that you do not leave any spaces between different patterns.  

· Trypsin digestion can be carried out by using the word ‘trypsin’ for the digestion criteria (i.e. –c trypsin).

· Another added feature for digestion is the use of wildcards indicated by the letter ‘Z’.  When you make use of this feature, every amino acid will be substituted in place of the Z for digestion.  For example if you wish to digest at AZ, (Z being the wildcard) proteogest will digest your proteome at AA, AC, … , AY.

· You can include several wildcards into your digestion sequence(s). 

i.e. RK, AZ, KZM
· If you decide to specify a string of amino acids for digestion, the correct format must be followed, or the program will not understand your instructions, and you will get an error.

Here are the two rules that must be followed when specifying the cleavage criteria:

1) Place “X” where you want the proteins to be digested. i.e. XK
2) Separate patterns with commas, if you choose to digest the proteome at more that one pattern of amino acids. i.e. XK,RX – this will digest the proteins before every K and after every R.

You may want to digest your proteome at a specific location in a sequence of amino acids, in which case the same rules apply.  i.e. FAX,XRE – this will digest the proteins after every ‘FA’ and before every ‘RE’.

Modifications

· Modifications to the proteome can be specified.   There are four types of modifications:

1)   Phosphorylation on serines, or threonines, or tyrosines, or all of them together.  Phosphorylation will add 80.00 to the isotopic and average masses of the peptides that have the respective amino acids.  

2)   An ICAT modication adds pairs of masses (415.5 and 423.5 a.m.u.; diff. 8 amu/pair) to the molecular weight of cysteines.

3) An MCAT modification adds 42.00 to the molecular weight of lysine residues.

4) Custom modifications:   Here the user may choose the desired modification.  The user must specify the amino acid(s) to be modified and the modification (weight differential) to be used.  Proteogest will modify the specified amino acid(s) according to the weight specified.  

· These modifications can be carried out in two ways, one is ‘complete’ and the other is ‘incomplete’.  If you choose ‘complete’, then all of the amino acid(s) you requested will be modified.  For example if you choose ‘phosphorylation on serine’, then all of the serines in the proteome will have the 80.00 added to their average and isotopic masses.  However if you choose ‘incomplete’, then every peptide containing your specified amino acid(s) will be kept and used for the analysis.  There will be X+1 copies of each peptide generated, depending on the number of residues that can be modified (ie phosphorylated).  One is the original unmodified copy of the peptide, the other X peptides are printed out with each copy having one amino acid modified (signified by a small letter or a small letter followed by Z for custom modification).  For example if you chose ‘phosphorylation on serine’ with ‘incomplete’, then one serine at a time from the peptide containing serines would be phosphorylated to represent all possible locations of phosphorylation.  i.e. for ACDSAS and phosphorylation on serine, we would get:

ACDSAS (original)

ACDsAS (lower case indicates modified residue)

ACDSAs

· All peptides are used for the proteome analysis.  In the ‘incomplete’ case, lower case letters are used to indicate the modified amino acid in the affected peptides.  If the user has selected a ‘custom modification’ with the ‘incomplete’ option, the modified amino acids will be xZ, where x is the modified amino acid.

NOTE:  For ‘complete’ modification of the proteome, small letters are not used to represent the modified peptides since the modification is carried throughout each peptide, but the analysis reflects the modifications. 

Missed cleavages

· Another important feature of proteogest is its ability to account for missed cleavages.  By default, the number of missed cleavages is set to ‘0’, however the user may change that to any number they wish and the output of proteogest will account for the missed cleavages specified.  All possible permutations of the peptides will be displayed when the number of missed cleavages is greater than 0.
· NOTICE: Miscleavage option is not fully functional. Please read Bug Section

Other features

· The minimum length of peptide calculated can be modified by the user.  By default this value is set to 2, which means that single amino acids (1 residue ‘peptides’) will be discarded and not included in the computations.  For example if your digestion criteria is “XK,XR” and there are two Rs adjacent to each other, the output will be R, R, but since the minimum length is set to 2, these two Rs will be discarded.  Single Rs and Ks will be taken out unless the default value of 2 is changed to 1.  

· The user can request a list of redundant peptide sequences found in the proteome.  This feature (-H option) displays all the peptides that occurred more than once and the number of occurrences of each.

Output files

· Three output files can be produced by proteogest:  ‘Simple’, ‘Annotated’, and ‘Summary’. 

‘Summary’ (summary.html) is an HTML file produced by default, without user specification, which displays a brief statistical summary of the entire proteome analysis at three higher levels: the proteome level, protein level, and at the amino acid (peptide) level. In order to open this file, launch your browser, and open “summary.html” under the ‘File->Open’ menu option.  This file is created in the same directory as proteogest itself.

 ‘Simple’ (x_simple.txt) is a text file that can be created by user specification which lists the entire set of peptides generated (using the selected digestion criteria) for every protein listed in a proteome (based on the input fasta file), along with their isotopic and average masses and respective sequences in the last column.

‘Annotated’ (x_annotated.txt) is a text file that can be created by user specification which displays the entire set of peptides generated (using the selected digestion criteria) and the counts for the occurrence of each amino acid in each of these peptides.  At the end, it gives a tally of the total number of each amino acid in that particular protein.  It does this for all the proteins in the proteome (the input fasta file).

Constructing the command line

To run proteogest:

· Go to the directory where you have installed the software.

· The command line must start with “perl proteogest.pl”, followed with various arguments according to the user’s needs.

· Some of the arguments are mandatory, such as the input file and the digestion pattern.

The Input File
Ensure that this file is in FASTA format and ensure that you are supplying the correct path to the FASTA file.  It might be easier to include the FASTA file in your Perl directory which has proteogest installed also, this way you do not have to worry about specifying the correct path.

–i:
The ‘input file’ which must be in FASTA format and available on the same directory.

The Output Files
–d:
must be added to the command line to request the ‘simple’ output.

-a:
must be added to the command line to request the ‘annotated’ output.

NOTE:  summary.html is created by default.

Cleavage criteria

–c:
The ‘cleavage criteria’ specifies where in the proteome you would like the digestion to take place.  X’s must be used to indicate placing of digestion, different patterns of digestion must be separated by a comma, and wildcards must be indicated by ‘Z’s.  There is a separate option for trypsin modification, the user may type in ‘trypsin’ (case insensitive) and the proteome will be digested according to this enzyme.

Modifications

–S: phosphorylation on serine

–T: phosphorylation on threonine

–Y: phosphorylation on tyrosine

–STY: phosphorylation on serine, threonine, and tyrosine

–R:
To specify a residue to be modified.  The letter name of the desired amino acid should be used.  i.e. –R  A (Tell proteogest that you wish to modify alanine in the proteome)

–W:
To specify the weight differential to the residue indicated by –R.


Can be a positive or a negative value. i.e. –W +100

*must accompany –R, or no modification to the residue will take place.   

*together –R A, –W +100 will modify the isotopic and average masses of every alanine in the proteome by +100 MW.

–I:
ICAT modification (+415.5 & 423.5 amu pairs on cysteine; separated by 8 amu)

–M:
MCAT modification (+42 amu on lysine residues)

–C:
Complete modification of the proteome (all chosen amino acids will be modified) -> default setting

–N:
Incomplete modification of the proteome (one amino acid at a time will be modified for each peptide, producing X+1 copies of the peptide, X represents the number of residues to be modified plus the original copy)

Other Options

–G:
Specify maximum number of missed cleavages. i.e. –G 5 (default value is 0)

–L:
Specify minimum length of peptide to be displayed. i.e. –L 3 (default value is 2)

–H:
Highlights redundant peptides

–h: 
The ‘help’ option.  proteogest options will be displayed.

Example Command Lines:

The simplest command line prompt to run proteogest would be: 

perl proteogest.pl –i inputfile –c RX,KX
· This will launch the back end and it will digest the proteins after every R and after every K.  This will produce one output file, the ‘summary’ HTML file which can be opened and viewed by your browser.  The ‘simple’ and ‘annotated’ output files have not been requested, there are no modifications, the minimum length of peptides is left at its default value, as is the number of missed cleavages, and the list of redundant peptides is not requested.

A more specific command line to run proteogest t would be:

perl proteogest.pl –i inputfile –c RX, KX, AZX, –S –N –L 3 –G 4 –d –a –H

· This will launch proteogest with RX, KX, AZX (–c is the cleavage criteria: the peptides will result from Arginine, Lysine, and Alanine + wildcards),  phosphorylation on serine (–S), all modifications are incomplete (–N), the minimum length of peptides is changed to 3 (–L 3), the missed cleavages is changed to 4 (–G 4), the simple output file is requested (–d), the annotated output file is requested (–a), and a list of redundant peptides is specified by the user (–H)
Known Issues

The miscleavage option does not work properly due regular expression for trypsin.  It will report extra peptides and miss some other ones.
Fails for RXR when X=R, it will allows double miscleavage even when miscleavage is set to 1. 

Example:

> sp|Q9ULK5|VANG2_HUMAN Vang-like protein 2 OS=Homo sapiens GN=VANGL2 PE=1 SV=2
 MDTESQYSGYSYKSGHSRSSRKHRDRRDRHRSKSRDGGRGDKSVTIQAPGEPLLDNESTR
GDERDDNWGETTTVVTGTSEHSISHDDLTRIAKDMEDSVPLDCSRHLGVAAGATLALLSF
LTPLAFLLLPPLLWREELEPCGTACEGLFISVAFKLLILLLGSWALFFRRPKASLPRVFV
LRALLMVLVFLLVVSYWLFYGVRILDARERSYQGVVQFAVSLVDALLFVHYLAVVLLELR
QLQPQFTLKVVRSTDGASRFYNVGHLSIQRVAVWILEKYYHDFPVYNPALLNLPKSVLAK
KVSGFKVYSLGEENSTNNSTGQSRAVIAAAARRRDNSHNEYYYEEAEHERRVRKRRARLV
VAVEEAFTHIKRLQEEEQKNPREVMDPREAAQAIFASMARAMQKYLRTTKQQPYHTMESI
LQHLEFCITHDMTPKAFLERYLAAGPTIQYHKERWLAKQWTLVSEEPVTNGLKDGIVFLL
KRQDFSLVVSTKKVPFFKLSEEFVDPKSHKFVMRLQSETSV
Unreported:

AVIAAAARR

RDNSHNEYYYEEAEHER

Falsely Reported:

AVIAAAARRR

RRDNSHNEYYYEEAEHER
Reported by: Samuel Granjeaud[image: image2.png]



