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I'd like to show you how the new features in the protein family report make it easy to 
generate the figures and tables needed for a publication.  



To illustrate, I'm going to use data from this year's ABRF Proteome Informatics Workgroup 
study - iPRG2012
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The sample was a yeast lysate that had some additional non-yeast proteins spiked in. It was 
analysed on an AB Sciex 5600 tripleTOF and both raw data and peak lists were provided. 
Participants were asked to search a specified database and use target decoy to report peptide 
matches at 1% FDR. They were also asked to characterize modifications with special 
emphasis on modifications not introduced by sample handling
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I'm not going to show you all the steps required to participate in the study because it was a 
peptide-centric study and most of the work was in formatting the results to fit the 
spreadsheet template. 

First of all, we need to make the Fasta database available for searching in Mascot. As 
you’ve seen in the earlier presentation, Database Manager makes this very easy. If you 
wanted to use Mascot's automatic target/decoy function, you would download the target 
only database, which contains SwissProt entries.
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We know from the sample description that the cysteine alkylation is carbamidomethyl. 
Usually, the only other modification I would select for a first, trial search is Met-Ox. The 
other settings are guesses which we will refine by looking at the results. 
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In particular, we can use Peptide View and Protein View to estimate mass accuracy.
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Looks like 0.05 Da is safe for MS/MS. 
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For the MS errors, looks like 10 ppm is safe. We might get away with 5 ppm but, with a 
small database, this is going to limit the number of candidate sequences available for 
matching to each spectrum, so 10 ppm is a better choice. 

We also see quite a few high scoring matches with 2 missed cleavages, so maybe push this 
up to 3.
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Repeating with the new settings, we can see that the FDR for the default setting of 5% 
significance threshold is approximately 3%. The iPRG study requested matches to be 
reported with an FDR of 1%. This is where another of the new features in Mascot 2.4 comes 
in useful. The ‘adjust to FDR’ button. Getting back to the title of the talk, let’s use the first 
of our nine mouse clicks to obtain the required 1% FDR
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In Mascot 2.3 and earlier, you had to use trial and error to adjust the FDR to a specific 
value, so this button is a time saver. You may also notice that the decoy sequences are 
reversed and not randomised. This is another new feature in Mascot 2.4. The default is 
reversed for MS/MS searches with enzyme specificity and randomised for no enzyme 
searches, but you can change these defaults if you wish. 

To get a table of proteins suitable for publication, we use a second mouse click to switch to 
the Report Builder tab.
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Lets assume we want to drop the ‘one hit wonders’ and only report proteins that have 
significant matches to at least 2 different peptide sequences
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We open up the filters section and add a suitable filter. This uses another 5 mouse clicks, so 
7 in total
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Click number 8 is to export as CSV and click number 9 (actually double click) is to open 
the CSV in excel
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Now, I’m going to cheat a bit, and ignore all the keystrokes we need to use in Excel to add 
some formatting to the table.
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This is where the last bit of the title comes in. You may have noticed the weasel words 
‘sequence shortened’ in technology ads. Particularly for a certain cellphone
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You get the idea
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And there we have it, a table of the reliably identified proteins, suitable for pasting into a 
publication, in just 9-ish mouse clicks
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By the way, the filtering is very flexible, with lots of useful terms. Another thing that you 
could easily do would be to exclude proteins from the contaminants database
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The columns section of Report Manager allows you to choose which columns to include 
and, if required, change their order
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Now, the main goal of the iPRG2012 study was to characterise modifications. Quickest way 
to find out what modifications might be present is an error tolerant search.
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The error tolerant search discovers lots of modifications, but which ones are interesting? It 
would be helpful if the report included a table of the modifications that had been found 
together with their frequency of occurrence. I can assure you that this is on the wish list. 
Meanwhile, the work around is to export the results as CSV and open in Excel
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Select the pep_var_mod column, containing the modifications, and choose Pivot table from 
the Data menu 
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In the pivot table wizard, the defaults are OK
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Drag and drop the pep_var_mods button to both the row fields and data items area
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And we get a table of the distinct variable modifications with a count for each. For a large 
search, you might want to restrict the table to just the top 50 most frequent modifications, 
and this is easily done (Pivot table wizard menu; Field settings; count; custom; advanced; 
show top 50).

The list still needs some interpretation. For example, note the presence of several mods with 
mass delta -57. These almost certainly indicate that carbamidomethylation is not 100% 
quantitative. For peptides where Cys is not modified, putting a -57 mod close by cancels out 
the mass difference well enough to get a decent match.
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After further scrutiny, we end up with these as the believable modifications that occur 4 or 
more times. Although the mass accuracy of the data is excellent, there can still be 
ambiguities, such as whether we have acetyl or guanidinyl. In the case of sulfo and 
phospho, we can often decide which we have from differences in neutral loss behaviour. I’ll 
come back to this later. 

Where we go next depends on the goal of the experiment. In the case of the iPRG2012 
study, it was to report as many matches as possible. Clearly, this is a slightly artificial case. 
In real life, we are more likely to be interested in a specific modification or a specific 
protein. But, how would one search for all of these modifications? You can’t simply select 
them all as variable modifications; the combinatorial explosion would mean that all 
specificity was lost. However, it is highly unlikely that we will see two rare modifications 
on the same peptide. As long as we have Oxidation (M), Deamidated (NQ), Phospho (ST), 
and Carbamidomethyl (C) specified in the search as variable modifications, we shouldn’t 
miss very much when the error tolerant search looks serially through all of the 
modifications in Unimod.
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Note that the default Mascot configuration only allows 2 variable mods in an error tolerant 
search. You’ll need to change the value of the MaxEtVarMods option to 4 or more to 
perform such a search.
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For the iPRG study, the next step would be to export the results to Excel. I don’t want to go 
into a lot of detail … there isn’t time … so I’ll just highlight a couple of points relating to 
modification characterisation.
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Mascot 2.4 reports site localisation probabilities using the delta score method published in 
MCP by Bernard Kuster’s group. Here, for example, there are 4 potential phosphorylation 
sites but, based on the score differences between the matches, it looks fairly clear that the 
site is S10. The four matches with scores of 30.9 are for Sulfation on each of these four 
sites. Because the Sulfo modification is lost quantitatively on MS/MS fragmentation, there 
is no preference for any particular site; the MS/MS is identical in all cases. For this peptide, 
we can be confident that the modification is phospho because we see extensive loss of 98 
from the fragments, and matching these gives the higher score.
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Here is a peptide that has sulfo as the top scoring match. There is simply nothing in the 
MS/MS to distinguish modification at T1 and Y5. The third match with the greater mass 
error is for Phospho on T1. Phospho on Y gets a very poor score, not even in the top 10, 
because it takes out most of the matching y ions
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A word of warning. Site localisation is often a function of the modifications selected for the 
search. Here, for example, is another peptide where the localisation looks excellent when 
we search with Phospho on S, T, and Y. But, in rare cases, other residues can be 
phosphorylated. Post translational modification of C, R, D, K and H are all documented in 
RESID and Unimod. If we were to perform a search where these unusual specificities were 
included …
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Things are no longer so clear cut. In reality, this is highly likely to be Phospho on Y7 
because Phospho K is very unusual. But, when we say we are confident that the phosphate 
is on Y7, we should really add “assuming the only possibilities are S, T, and Y”

32



To summarise, we’ve seen practical examples of several of the new features in the Mascot 
2.4 reports. The two that I didn’t mention are the much enhanced text and number search 
facility. For example, you can search the protein family report for a modification or a mass 
value. Finally, the facility to set a preferred taxonomy. This wasn’t relevant here, because 
the database was essentially yeast proteins, but in other searches, you might want to search a 
wide taxonomy, e.g. green plants, and where there are two proteins with equal scores, 
always choose the protein from (say) maize, because that is the particular subject of your 
research.
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