Kojak – Tutorial and exercises
Cryptochrome orbitrap data 
We will be using a purified protein complex, Cryptochrome, which contains three subunits (Fbxl3, mCRY2 (from mouse), and Skp1dd). The protein complex was cross-linked with BS3, which conveys a cross-link modification mass of 138.06807 and a mono-link mass of 156.0786. BS3 is amine reactive. The sample was prepared with iodoacetamide and digested using trypsin. The data are acquired using data-dependent shotgun analysis. All spectra acquired from this device are high-resolution and acquired in profile mode. Precursor (MS) spectra were acquired at 55000 resolution (at 400 m/z) and Tandem (MS/MS) spectra were acquired at 25000 resolution. A special protein sequence database is also provided. This database contains the three protein subunits, a handful of contaminants, and an equal number of decoy proteins labeled as “reverse”.

A default Kojak configuration file has been provided to start these exercises. In this tutorial, you will learn how to prepare, execute, and interpret results from a cross-linked protein analysis.

1. Set the Kojak parameters for the analysis

· In Petunia, set the Pipeline to Kojak.
· Under TPP Tools, select Kojak Search
· In the Files browser, navigate to tpp/data/class/Kojak, set as Working Directory
· Use the ‘choose from list’ option to select Q_2013_1016_RJ_09.mzML as the mz[X]ML Input File, and Kojak.conf as the Kojak Params file.
· Optional:  While in the Files browser, select Params to see the parameters for the Kojak analysis. The parameters have been preset for you. To learn more about the parameters on your own, visit http://www.kojak-ms.org/param/index.html
2. Run Kojak

· Press the Run Kojak button.
· During Kojak execution, several messages will be displayed to the user. Although most messages simply inform the user of analysis progress, occasionally warning messages will be displayed. These warnings should not always be ignored. They may indicate incorrectly set parameters that will affect your results. Should warnings appear, evaluate if corrections are necessary, make those corrections, and restart the Kojak analysis.
3. Examine the Kojak output

· In your Windows explorer, examine your Kojak directory for results. Five new files should have appeared. A complete summary of results is found in Q_2013_1015_RJ_09.kojak.txt. Open this file in Excel.
· The Kojak summary contains the results of all spectra analyzed. Spectra information is labeled along the columns at the top of the files. Each spectrum is summarized in a single row.
· Notice that for several spectra (particularly at the start of a run), the results contain several null values (0 or dash[-]). These spectra did not produce any possible result given our parameters and database. Consider what you’ve learned about shotgun data analysis so far. Are these null results reasonable?
· The primary scoring metric in Kojak is labeled with the column “Score”. In Excel, sort your results from highest to lowest score. Note that the first result lists a single peptide belonging to protein Fbxl3-human. The link position in the peptide is -1. This means that this peptide spectrum match (PSM) belongs to a non-cross-linked peptide. Are there more non-cross-linked peptides? Is this an expected result?
· Identify the highest scoring PSM that has cross-linker attached to it. This is indicated by non-negative values in the Link #1 and Link #2 columns. How many peptides are listed for this PSM? What is the logical explanation for this result? Starting at the first amino acid in the peptide sequence, count forward until you reach the positions indicated in the Link #1 and Link #2 columns. What amino acids are these? Does this match the parameters you used to analyze these data?
· Scroll down until you find the first cross-linked PSM containing two peptides. Is this an inter-protein or intra-protein cross-link? The Pep. Diff. column indicates the amount of the score contributed by the lowest scoring peptide in the cross-linked PSM. What is the value of Pep. Diff. for this peptide? What is the score contribution of the other peptide in this PSM? Is the Pep. Diff. of this PSM a good value?
· Take a more in-depth look at the peptide sequences shown in the Peptide #1 column. Modification masses to the peptide sequence are indicated by an additional mass in brackets [ ] after the modified amino acid. Oxidized methionine was one modification mass used as a parameter in the Kojak analyses. Do you see other modification masses? If so, where do these values come from?
4. Examine the Percolator input

· In a new Excel window, open the Q_2013_1015_RJ_09.perc.inter.txt file. The perc files are NOT Percolator results. They are the same results found in the Kojak summary, but reformatted for input to Percolator. Why are the Percolator input divided into four different files?
· Look at the columns in this file. Each is a parameter Percolator will use to determine FDR thresholds for these results. The scannr column shows the scan number for the PSM in each row. Compare the scannr of the first PSM to the Scan Number in your Kojak summary and confirm you are looking at the same PSM. Do the Score, dScore, and PPM values match?
· Look at the SpecId column. Each SpecId is prefaced with a T or D indicating target PSM or decoy PSM. What is the requirement for a PSM to be labeled with a D?
· Sort the PSMs by Score from high to low. How many decoy PSMs do you see among the top 20 PSMs? These decoy PSMs show that a single score metric does not sufficiently determine target and decoy PSMs. This is the reason additional parameters are needed to validate the target PSMs. Looking at these decoy PSMs, which parameters have values that differ significantly from their neighboring target PSMs?
· Because you already know the three protein subunits of Cryptochrome, are there any target PSMs you suspect to be false? Why are these PSMs labeled as targets? Do they have any parameter values similar to the decoy PSMs?
5. Validate PSMs using TPP
· In Petunia, navigate to TPP Tools > Analyze Peptides
· Select Q_2013_1016_RJ_09.pep.xml as the pep.xml file
· Put 0 in ‘Filter out results below this probability’

· Put 1 in ‘Minimum peptide length’

· Check ‘Run PeptideProphet’

· Check ‘Run iProphet’, as well as ‘Also run ProteinProphet’ immediately below that.

· Click ‘Run Xinteract’ at the bottom of the page
6. Validate the PSMs using Percolator

· In Petunia, navigate to Utilities > Percolator.

· Remove your Kojak.conf file, if it is listed.
· Add the four Percolator input files. These are the text files with the label perc in the name. For example, Q_2013_1016_RJ_09.perc.inter.txt.
· Press the Run Percolator button. Percolator will analyze each file and create a new output file labeled with the word validated. When Percolator finishes with all files, examine the output.
· When you processed the loop-links with Percolator, did you receive any warnings? Did you receive any errors? How are the warnings and errors related? Is it possible to validate the loop-links?
· In a new Excel window, open inter-validated.txt. The Percolator validation results have been summarized so that all redundant PSMs are represented by only the single, highest scoring PSM. Note that the score column is a different value that the Kojak score. This score is now specific to the Percolator analysis, and is used for ranking purposes. The q-value column defines the FDR threshold at which each PSM would be accepted. How many unique PSMs would you accept at 1% FDR? How many at 5% FDR?
· The posterior_error_probability is the probability that an individual PSM is incorrect. If you look at the last PSM at your 5% FDR cutoff, what is the chance that it is incorrect? Why is this number so much larger than the q-value?
· At a 1% FDR, how many PSMs would you consider false? At a 5% FDR, how many PSMs would you consider false? Do the numbers seem reasonable given the FDR? How might the fact that only non-redundant PSMs are listed influence your reasoning?
· If you think any PSMs at 5% FDR are false, what might make them appear with a reasonable q-value in these results? Are the PSMs entirely false, or only partially false?
