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Database searching - Tutorial


Database Searching Tutorial/Exercises
Use the PETUNIA interface to convert a pair of RAW files to mzML, run a search, generate a pepXML file that is explored through the PepXML Viewer, and view the MS run and identifications with Pep3D.
This tutorial will walk you through the steps needed to process data, starting from data in the mzML format, through the Comet and X!Tandem search engines and the TPP visualization tools. 

· convert raw mass-spec data to mzML
· search data with Comet and X!Tandem
· the search results will then be converted to pepXML files (when necessary)
· lastly the multiple pepXML files will be combined into a single view and opened in the PepXML Viewer for analysis
· visualize the MS run and ID’s with Pep3D
0. A guided tour of Petunia
To start, open up a web browser and click on the home page icon in your browser and access the PETUNIA link get to the tools user interface at URL http://localhost/tpp-bin/tpp_gui.pl.  Log in to the TPP graphical user interface using the username guest and password guest.

On the Home tab, verify that Comet is set as the analysis pipeline; adjust if necessary. 
Quick guided tour of sections and tabs
1. Conversion to mzML
The TPP bundles the msconvert file conversion utility and is integrated in the web GUI (as well as converters for other vendors).   Here, we will convert a pair of Thermo files to corresponding mzML files for subsequent analysis.

· Click on Analysis Pipeline.  The mzML/mzXML tab should be selected by default.

(Note that you could also choose to convert to the mzXML format with legacy converters via a different tab, provided you have those installed.)
· Verify that Thermo RAW is selected as the instrument file type to convert
· Select the RAW input file
Click Add Files, and navigate to the class(Yeast(data folder.  Select the checkbox for the two OR2008…RAW files and click Select.  Leave the compression and centroiding options unselected.

· Convert to mzML

Simply click Convert to mzML.
· Monitor conversion

While the conversion runs, you can click on the Refresh link on the Job entry to conveniently monitor conversion progress.  When the conversion is complete, the Command Status color turns to orange.
· View Results
Once the command is finished, click again on the Refresh link to view all output and output files. From this page you can visualize the mz(X)ML file(s) with the Pep3D tool by clicking on the Pep3D link; we’ll cover this in more detail in a moment.  Accept default options and click Generate Pep3D image, wait a moment and the gel-like image should appear.

2a. Search with Comet
The Comet search involves three steps: (1) set up the search parameters; (2) select input mzML files; and (3) select the sequence database to search against.
We include a default comet parameters file in the standard distribution of TPP; we will take this file, make a copy, and adjust a few parameters:

· Go to Files and navigate to the data ( parameters /  directory.  You should see several parameters files for Comet and XTandem.  Select the file called comet.params and press the Copy button (This is the default parameters file created by Comet via the command-line comet –p).  Verify that the file was copied into the Petunia clipboard.
· Navigate back to the data(class(Yeast directory (hint: use the directory tree list on the right pane of the File Browser).

· On the lower right box, create a new directory for our search by typing comet in the box and hit the Create new directory button.  We want to keep data separate from the various analyses that we will be conducting.
· Navigate down to the newly created comet directory and press the Paste button.  This will place a copy of the files in the clipboard (currently comet.params) into this location.  Verify that the file is indeed copied.
· Click on the Edit link to open the comet.params file in the Petunia file editor.

· Scroll down, find the following parameters, and change them to these values (we will discuss what they all mean during the tutorial) :
· peptide_mass_tolerance = 25
· peptide_mass_units = 2
· isotope_error = 5
· num_enzyme_termini = 1
· variable_mod_02 = 8.014199 K 0 3 -1 0 0
· variable_mod_03 = 10.008269 R 0 3 -1 0 0
· Double-check that you have the right values, and press the button to Save changes. This permanently changes the contents of the file on disk.
· Next, go to TPP Tools ( Comet Search to access the Comet search interface.
· Click on the Add Files button to choose the input mzML files.  Select the two mzML files that are present in the data / class / Yeast / data /  directory. 

· Next, choose the Comet parameters file that we just edited, comet.params, which exists in the Yeast / comet /  directory.  By default, Petunia will place the Comet search results in the same directory as the comet.params file.
· Lastly, select the sequence database to search: data / class / dbase / uniprot_Scerevisiae_sep052014_CONTAMINANTS_RAND.fasta
Confirm everything is set correctly and click on the Run Comet Search button to launch the search.  On a modern laptop with these search parameters, the two mzML files should complete searching within a fifteen minutes.
2b. Search with X!Tandem
As with Comet, the X!Tandem search involves three steps: (1) choosing input mz(X)ML files, (2) choosing the Tandem search parameters, and (3) selecting the sequence database to search against. 
· Go to the Home page and change the analysis pipeline to Tandem by selecting from the drop-down menu.

· Navigate to the data / parameters / directory using the File Browser, and locate the tandem_params.xml file; this is a default parameters file with simple settings. Select it and Copy it.  (There are now 2 items in the Clipboard; edit it so that only the tandem params file is present.)
· Now, navigate to the data / class / Yeast /  directory.

· On the lower right box, create a new directory called tandem by typing its name and pressing Create new directory.
· Navigate down to this new directory by clicking on the link, and press the Paste button to place a local version of the tandem_params.xml file.
Set up the search parameters:
· Click on the Params link to open the tandem_params.xml file in the Petunia file editor.

· Scroll down, find the following parameters, and change them to these values (we will discuss what they all mean during the tutorial) :

· spectrum, parent monoisotopic mass error minus: 25
· spectrum, parent monoisotopic mass error plus: 25
· spectrum, parent monoisotopic mass error units: ppm
· spectrum, parent monoisotopic mass isotope error: yes
· residue, potential modification mass = 15.994915@M,8.014199@K,10.008269@R
· spectrum, threads = x   ( number of cores in your system (add this parameter)
· Double-check that you have the right values, and press the button to Save Search Parameters File. This permanently changes the contents of the file on disk; note that you have the option to change the output file name.
Set up and execute the search:

· Go to TPP Tools ( X!Tandem Search to access the X!Tandem search interface.
· Notice that the input mzML files are already selected from our previous search.  In case that they are not, simply click on the Add Files button to choose the two mzML files that are present in the data / class / Yeast / data /  directory.
· Now choose the Tandem parameters file that we just edited, tandem_params.xml. Unselect the comet parameters, if present.
· Lastly, select the sequence database to search: data / class / dbase / uniprot_Scerevisiae_sep052014_CONTAMINANTS_RAND.fasta (this may already be selected from the previous search).
· Leave the option to Convert to pepXML checked. This will convert the native search results, in this case Tandem XML output, to our pepXML format; the corresponding pepXML files will have .pep.xml extensions.

Confirm everything is set correctly and click on the Run Tandem Search button to launch X!Tandem.  Again, on a modern laptop with these search parameters, the two mzML files should complete searching in over a half hour.
3. Combine multiple (related) search results into a single view
We’re just about through with our pipeline processing steps.

· Next go to the TPP Tools ( Analyze Peptides page.

· Under the File(s) to Analyze pane, choose the two OR2008*.pep.xml files that we just created in the comet directory.

· In the PeptideProphet Options pane, unselect the checkbox that says RUN PeptideProphet as that’s a feature you’ll learn about tomorrow.  Keep all other defaults, scroll down to the bottom of the page, and hit the Run XInteract button.  This effectively combines together the identifications from the two Tandem searches and will present them in the PepXML Viewer interface for analysis.
· When the command has completed, click on the Refresh link to get to the output results.  Then, select the PepXML link within the Output Files pane.

4. Explore results in pepXML Viewer
The data being analyzed are two Orbitrap runs of a SILAC labeled yeast dataset.  The data were searched against a database composed of the yeast + decoy and common contaminant sequences.  The yeast protein sequences are denoted by identifiers that end with “_YEAST”, while the decoy entries have protein identifiers that begin with “RAND0” or “RAND1”.
· The first step before we get started is to remove some unnecessary columns from the default view and add a peptide mass column.  Click the Pick Columns pane.  You can add, remove and reorder columns to view here.  Remove the sscan (start_scan) column and then click the Update Page button.
· Sort the results in ascending order based on the EXPECT score column.  You can do this in either the Summary pane or the Display Options pane.  Better identifications have lower EXPECT scores.  Note that you may need to close the Summary (or Display Options) pane after sorting is complete.

Notice that the IONS, PEPTIDE and PROTEIN columns contain hypertext links. For Comet results, the SPECTRUM is also hyperlinked.  These open up an MS/MS spectrum viewer, NCBI blast link, a sequence viewer, and the comet top N results for that spectrum, respectively.  Click on the ions link for the first entry in the results view.  You should see the screen on the right which will open in a new tab (in Firefox/Chrome browsers).  What is notable about the spectrum shown?  Does it look like a good identification?  What features do you notice to support this?


Go ahead and click on the SPECTRUM, PEPTIDE and PROTEIN links as well to see what they lead to.
· Now let’s look for the best scoring decoy matches.  Decoy hits are the known wrong ones!
You could scroll through every page looking for a protein that begins with ‘RAND’.  However, let’s use the viewer’s filtering options to select just these entries.  To do this, go to the Filtering Options pane and enter ‘^RAND’ in the required protein text entry box. (The ^ symbol means: “starts with”.)
Look at the spectra of a few of these identifications.  How plausible do they appear?
· What is the false discovery rate (FDR) in the dataset if you apply an EXPECT cutoff of 0.1?  What about 0.01?  What about 1.0?  Read below…

Remember, we calculate FDR as num_decoy_hits ÷ num_target_hits.  To find these values, clear out any existing applied filters and enter a value of 0.1 or 0.01 in the max expect search results filter box.  The Summary pane will tell you how many entries remain in the list after applying your filters.

For a 0.1 cutoff, you should see “displaying 10827 of total 19016 total spectra” indicating 10827 peptide-to-spectrum matches pass this cutoff.
So how many of these are target entries versus decoy entries?  The easy way to determine this is to add an additional protein filter of ‘^RAND’ to determine the number of decoy entries.  When you do so, you will see that there are 52 decoy hits which consequently mean that there are 10775 target hits.  So at a 0.1 expectation score cutoff, the estimated FDR of the target hits would be 52 ÷ 10775 = 0.0048.

What are the estimated FDRs at 0.01 and 1.0 cutoffs?  More importantly, how would you choose an appropriate cutoff to apply?

· Remove all filtering options, add the PPM and massdiff columns, and sort by ascending order via the expect score.
Note the PPM mass error of the good scoring IDs in the first few pages.  And then browse to the last few pages and note their corresponding calculated PPM mass error.  What is the highest scoring peptide with a ‘bad’ PPM mass error (where bad is say >10 PPM).  Is there a plausible explanation for the large mass error or is this an incorrect match?
· Lastly, go ahead and explore the rest of the interface.  Take a look at the available columns and how you can re-order them.  Explore your ability to sort/filter based on the various properties.  In order to start all over from scratch, including restoring data and views to default, choose Restore Original from the Other Actions pane.

You will be using this viewer in the upcoming days so you should definitely become comfortable navigating the interface today. 
5. Visualize searched data using Pep3D
Pep3D is a tool for visualizing LC MS data, along with CID attempts, certain analysis scores, and MS/MS spectra.
· Visualizing mz(X)ML files directly using Pep3D

When Petunia detects an mzXML /mzML file in a file listing, it allows the user to open it directly using Pep3D.  Open the File Browser in Petunia, navigate to the /data/class/Yeast/data directory and find the file named OR2008…_01.mzML.  Click on the [ Pep3D ] link to launch Pep3D.  A new browser window will open showing the Pep3D interface.  This interface allows the user to adjust various parameters that determine the way that the Pep3D image is rendered.  For now, accept the default parameters and click the Generate Pep3D Image button.  After a short time, an image representing the LC MS data will appear.
Note the large amount of ‘empty space’ at the right of the image.  This area is blank because the mass spectrometer did not acquire much data in that time range.  Adjust the time range that Pep3D renders by entering an upper time range of 75 (minutes); notice that the value for Elution time range drop-down box automatically changed from Full to Selected.  Click the Generate Pep3D Image button.  After a short time, an adjusted image will appear.
Note that the separation appears compressed between 15 to 70 minutes.  Stretch this section of the image by adjusting the Elution time range with these values, and generate the image.  You will notice that it is considerably narrower that the original.  To increase the width or height of an image you simply adjust the values of the Resolution and Size parameters.  It helps to think of these parameters as ‘units per pixel’.  Change the minutes increment setting parameter of the Elution time range from 0.5 to 0.2 and again click the Generate Pep3D Image. Can you notice some light/heavy SILAC pairs as they co-elute?
Pep3D can also overlay the co-ordinates of MS/MS events on the image.  Select CID from the Display peptides drop-down box and generate image.  The blue squares represent CID events (9788 of them).  Click on a blue square CID.  A new browser window will open showing an image of the selected CID spectrum.
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