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1. What software do I need for iTRAQ
or TMT?

In Mascot, the quantitation approach used for iTRAQ and TMT is called the Reporter 
protocol. All of the information required to perform quantitation is present in a standard, 
MS/MS peak list, so everything can be handled by the Mascot search engine.

Here, for example, is a Mascot search report where the tag is the Applied Biosystems 8plex 
iTRAQ. The data are from a 4000 series TOF-TOF.
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1. What software do I need for iTRAQ
or TMT?

6plex TMT data from a collaborative demonstration by Proteome Sciences and 
Thermo Scientific, (PQD on LTQ XL). 

While this shows the 6plex TMT tag, courtesy of Proteome Sciences and Thermo Scientific. 
These data are from an LTQ XL using Pulsed Q Dissociation
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1. What software do I need for iTRAQ
or TMT?

You can use Distiller to create the peak list, but this isn’t essential. Any peak picking utility 
can be used provided it doesn’t try to de-isotope the reporter ions peaks. This is essential 
because reporter ion peaks are not peptide ions; they are synthetic molecules with multiple 
heavy isotopes. If you try to de-isotope them using the simple rules, this will distort the true 
intensities. Recent versions of mascot.dll for Sciex Analyst are “reporter ion aware”. If you 
are using Analyst and you don’t see a checkbox for iTRAQ then you should update to the 
latest mascot.dll.
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1. What software do I need for iTRAQ
or TMT?

This can be downloaded from our web site. If you use mascot.dll as an import filter in 
Mascot Daemon, you won’t see the checkbox in the options dialog in Daemon. This is 
because it was added after Daemon 2.2 was released. This is fixed in Mascot 2.3. For 
Mascot 2.2 and earlier, controls that are missing from the dialog take the defaults set when 
mascot.dll called as an Analyst script, so the workaround is to process a file using the 
correct settings in Analyst before processing files from Daemon.
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1. What software do I need for iTRAQ
or TMT?

In the case of the Applied Biosystems TOF-TOF, the peak list submitted to Mascot by GPS 
Explorer or 4000 Series Explorer contains de-isotoped reporter ions and should not be used 
for iTRAQ quantitation. There is a freeware application called TS2Mascot that can be 
downloaded from our web site and used to submit a search with the correct peak areas.
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2. What software do I need for SILAC or 
18O?

Quantitation based on the relative intensities of extracted ion chromatograms (XICs) 
for precursors is known in Mascot as Precursor protocol and by far the most widely 
used approach, applicable to any chemistry that creates a precursor mass shift. For 
example, 18O, AQUA, ICAT, ICPL, Metabolic, SILAC, etc., etc. 

For this approach, the peak list alone is not sufficient; additional information is needed from 
the raw data file. If you go the Mascot route, the workflow looks like this. The raw data file 
is processed in Distiller and the search submitted to Mascot. When the search is complete, 
the results are returned to Distiller. The quantitation report can then be generated in Mascot 
Distiller, which has access to both the Mascot search results and the raw data
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The next few slides illustrate this workflow using one of the QStar sample data sets 
that can be downloaded from the MSQuant home page. This is a SILAC sample 
with three components: unlabelled, Arg labelled with 13C(6), and Arg labelled with 
13C(6)15N(4). First, we open the Wiff file in Mascot Distiller, and process it into 
peak lists
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The peak lists are submitted to a Mascot Server to be searched
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There’s an opportunity to tweak the search conditions, but most of the important 
settings, including the modifications, are embedded in the selected quantitation 
method
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We get progress reports while the search is running
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When the search is complete, the results are imported into Distiller. All the required 
information is now available, so Distiller is in a position to generate a quantitation 
report
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The quantitation results are displayed in a grid control, spreadsheet-style. 
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2. What software do I need for SILAC or 
18O?

Mascot Distiller 2.2 or later
• Workstation + Search Toolbox + Quantitation

Toolbox

Mascot Server 2.2 or later

So, if you go the Mascot route, this is what you need.

Please note that, if you use Distiller to peak pick data for reporter protocol quantitation, i.e. 
iTRAQ or TMT, and submit the Mascot search, you still have to go to the standard Mascot 
HTML report to see the quantitation results. The aim is for Distiller to import the 
quantitation results for reporter and multiplex, so that everything can be viewed and 
reported in Distiller, but that is scheduled for a future release.
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2. What software do I need for SILAC or 
18O?
Commercial
BioWorks (Thermo)
DeCyder MS 2.0 (GE Healthcare)
Elucidator (Rosetta)
Excel (Microsoft)
GPS Explorer (Applied Biosystems)
Mascot Distiller (Matrix Science)
MsXelerator (MsMetrix)
PEAKS Studio (BSI)
PLGS (Waters)
Progenesis LCMS (NonLinear)
ProQuant (Applied Biosystems)
ProteinPilot (Applied Biosystems)
SIEVE (Thermo)
Spectrum Mill (Agilent)
WARP-LC (Bruker)

Shareware / Academic
ASAPRatio (TPP)
AYUMS (U. Tokyo)

Census (Scripps)
iTRACKER (Cranfield) ITRAQAnalyzer (Topp / OpenMS)
Libra (TPP)
MaxQuant (MPI Martinsried)
metAlign (Wageningen UR)
MFPaQ (IPBS Toulouse)
msInspect/AMT (CPL FHCRC)
MSQuant (SDU Odense)
MS-Spectre (Utrecht)
Multi-Q (Academia Sinica)
MZmine (VTT Finland)
Peakardt (Bochum)
ProRata (ORNL)
Quant (Wuerzburg)
QUIL (NIH)
RAAMS (Mayo)
RelEx (Scripps)
SILACAnalyzer (Topp / OpenMS)
VEMS (CIC bioGUNE)
VIPER (PNNL)
Vista (Harvard MS)
XCMS (Scripps)
Xpress (TPP)
ZoomQuant (Wisconsin)

“Toolkit” modules excluded. Packages in italics are primarily or exclusively for label-free

Of course, there are a host of other packages to generate a quantitation report based 
on Mascot  search results. I know this list is incomplete; I just want to give you a 
sense of the choice that is available. Including Excel is only half joking. Seems like this 
is still the software of choice for many people when they want to do something novel, like 
use one manufacturer’s instrument with another manufacturer’s tag.
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3. Does Mascot support spectral 
counting?

Yes. emPAI quantitation offers approximate, label-free, relative quantitation of the proteins 
in a mixture based on protein coverage by the peptide matches in a database search result. 
This approach was developed by Ishihama and colleagues 
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3. Does Mascot support spectral 
counting?

Very simple

Very approximate
•Many assumptions in Nobserved and Nobservable

‘Always on’

emPAI is very simple. It is also very approximate, because there are many arbitrary 
assumptions in the way that the number of observed and observable peptides are calculated. 
Nevertheless, Ishihama’s paper shows that it can be a useful guide to relative amounts. 
emPAI doesn’t require a label or special data processing, so it is always reported in a 
standard Mascot results report, as long as the number of MS/MS spectra is at least 100
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4. Why do I keep getting errors about 
conflicting modifications?

This question usually comes up with reference to iTRAQ. A typical error message is 
“Specificities conflict between modifications 'Carbamidomethyl (C)' and 'Methylthio (C)' 
[M00479]”
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4. Why do I keep getting errors about 
conflicting modifications?

To understand this, take a look at the quantitation method. You can get a pretty printed 
summary from the Configuration Editor. Choose Quantitation then Print for the method of 
interest. This is the original iTRAQ method, that shipped with Mascot 2.2. The iTRAQ
modifications are defined in the quantitation method. In this particular case, this isn’t 
strictly necessary, but for many quantitation methods the modifications have to be defined 
within the method because the modifications define the components. For example, a peptide 
with 16O at the C-terminus is light while a peptide with 18O at the C-terminus is heavy. So, 
the approach we took was that the isotopic labels should be defined within the method. We 
also felt that specifying as much as possible in the method was a good thing in terms of 
standard operating procedures. The original iTRAQ method was based on the Applied 
Biosystems procedure that used methythio (MMTS) to block the cysteines, so we also 
included this modification. The problem comes when someone uses a different alkylation 
agent, such as iodoacetamide, and chooses carbamidomethyl in the search form.
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4. Why do I keep getting errors about 
conflicting modifications?

Because it became clear that few people use MMTS, we took this out of the method when 
we updated it. If you haven’t done so already, you should grab an updated quantitation.xml
file from our web site, using the link on the Distiller support page. This fixes the MMTS 
problem, but it doesn’t stop people using a method without looking at it. I suspect that many 
people have search results that look like this. The iTRAQ mods are there twice, because 
they have been chosen in the search form even though they are already in the method. This 
isn’t an error, because there is no conflict, but it does indicate that we haven’t got the 
message across about embedding the important search parameters in the method. Hopefully, 
this FAQ will help clarify that the modifications that are essential to the method should go 
in the method while those that are ‘optional’ and will vary from experiment to experiment, 
such as oxidation or acetylation, should be selected in the search form.
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5. Can quantitation be automated?

Mascot Daemon & Distiller 2.2
• Batch automation of peak picking, search 

submission, search result import, saving of 
Distiller Project file

• You still have to open the Distiller project file 
and click on the ‘quantitate’ tool button

Mascot Daemon & Distiller 2.3
• All steps are automated

Yes, but not until Mascot 2.3 released. 
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5. Can quantitation be automated?

In Mascot Daemon 2.3, you have a choice whether to quantitate any, some or all of the 
protein hits



23

: Quantitation FAQ © 2009 Matrix Science

6. How do I create or edit a 
quantitation method?

Quantitation methods are created or modified using the Configuration Editor. This was 
mentioned a few slides back, in the context of getting a pretty printed summary of a method. 
Choose Configuration Editor from your local Mascot home page, then Quantitation. For 
each method, besides Print, there is Delete, which is self-explanatory, and Copy, which 
creates a copy of an existing method. Starting from this is usually less work than choosing 
New and starting from scratch.
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6. How do I create or edit a 
quantitation method?

To ensure flexibility, there are very many quantitation parameters. These are documented in 
the help for both Mascot Server and Mascot Distiller. Also, when you are editing a method, 
help is displayed for individual fields whenever the mouse is held over a label, as shown 
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7. Why do I get no results for certain 
peptide matches?

A Mascot quantitation method includes certain rules and quality thresholds. One of the most 
important is the Mascot score. If you aren’t confident of the peptide match, then you can’t 
be confident of the protein assignment for that match and wouldn’t want to include it in any 
calculations. A cut-off, which is often used in the default methods, is that the score should 
be above the homology threshold. So, first thing to check is that the ions score for the match 
is above threshold. Here, this is the reason for most of the missing ratios. It isn’t the 
explanation for the match to CGDVDFYPNGPSTGVPGSENVIEAVAR with a score of 25. 
This has been excluded by a rule in the method, that any match with iTRAQ on tyrosine 
should be ignored. This is because the reaction with tyrosine is slower than with lysine and 
the amino terminus, which means that the ratio is likely to be skewed.
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Fraction threshold

The fraction of the 
peak area in the 
precursor region 
accounted for by the 
components

For the methods that use Distiller, there are three quality thresholds that are explained in 
detail in the help. These are:

Fraction is the fraction of the peak area in the precursor region accounted for by the 
components. Here is a spectrum where there are a lot of interfering peaks. When we add up 
the areas, the expected precursors only account for 44% of the area, so the ratio is rejected. 
This threshold, like the others, is set as part of the quantitation method. You can change it in 
Distiller or you can over-ride it at the individual peptide match level by checking or clearing 
the checkboxes
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Correlation threshold

The correlation 
coefficient between 
the predicted and 
observed precursor 
isotope distributions

What about a case where the interfering peaks come right on top of the precursor peaks? A 
test on the matched fraction won’t help. This is why we have a second test on the shape of 
the distribution. This uses the correlation coefficient between the predicted and observed 
precursor isotope distributions. Here is a case where a ratio fails the test, because the 
correlation coefficient is only 0.49 
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Each point represents 
the heavy and light 
intensities in a scan 
from the XIC peak. The 
straight line is a least 
squares fit

• The gradient is the 
best estimate of the 
ratio. 
• Any background  is 
corrected
•The standard error for 
the fit is a good 
measure of the 
reliability of the ratio

Another column reports the estimated standard error for the calculated ratio. Each ratio 
comes from making a least squares fit to the component intensities from the scans in the 
XIC peak. Here, for example, each point represents the heavy and light intensities in one 
scan. The gradient of the fitted line is the best estimate of the ratio. The standard error for 
the fit is a good measure of the reliability of the ratio, and can simply be tested against 
another threshold.
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7. Why do I get no results for certain 
peptide matches?

If you have less peptide matches than expected, check that ‘Allow mass time match’ is true. 
If this is false, then you must have matches for all components before a ratio can be 
reported. If true, you only need a match to one component. Its partner or partners will be 
identified from their molecular mass and elution time. This is almost always what is wanted.
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8. Can I use centroided data for 
quantitation?

Yes, but …
•Quantitation will only be as good as the original 
peak picking

This is mainly an issue for trap data, where raw data is often saved as centroids (i.e. a peak 
list) to minimise the size of the raw file. This is not a serious problem as long as the peak 
picking performed by the firmware or instrument data system is accurate. How can you tell? 
Look critically at the spectra in the instrument data system or in Distiller. Are the isotope 
envelopes for weak peaks complete, or does it look like weak isotope peaks are missing? 
Are the isotope peak spacings accurate? Are the peak positions stable from scan to scan?

Ideally, make duplicate runs of a dilution standard and save one as profile and the other as 
centroid. Process them both and compare the results. If the accuracy and precision of one is 
significantly better than the other, that answers this question for you.
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8. Can I use centroided data for 
quantitation?

Reporter (iTRAQ, TMT)
• Need at least unit resolution in the reporter ion region
• Ensure centroiding does not attempt to de-isotope
• Reporter ion intensity may be the most critical factor

Precursor (SILAC, 18O, metabolic)
• For standard traps, use zoom scans for best results (requires 

Distiller 2.3)
• For hybrids, (Orbi, FT), advisable to save survey as profile 

and MS/MS as centroid

A common choice, particularly for hybrid traps is to save survey scans as profile and 
MS/MS scans as profile. If you are using iTRAQ or TMT, the quantitation uses the MS/MS 
data, so this is the one to worry about. As long as you have unit resolution or better in the 
reporter ion region and as long as the centroiding does not attempt to de-isotope, it probably 
makes little difference whether the MS/MS data are saved as centroid or profile. The most 
critical factor is the intensity of the reporter ions peaks. They need to be of comparable 
intensity to the base peak to give good counting statistics

If quantitation uses MS data, such as SILAC or 18O or metabolic, then it is advisable to 
save the MS as profile. Distiller will be able to do a much better job of fitting the isotope 
distributions if it has true profile data. No disadvantage to save the MS/MS as centroids, if 
you want to keep the file size down. 

For a standard trap, you will get much better results by using the zoom scans for 
quantitation, because you need isotopic resolution for 2+ and 3+ precursors to get reliable 
results. This requires Distiller 2.3
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8. Can I use centroided data for 
quantitation?

Setting the peak picking options in Distiller for a hybrid, where the MS and MS/MS spectra 
have very different characteristics, can be a little complicated. Some settings have a big 
impact on processing time, which can be an important consideration. There is a help page 
on our web site which goes into some detail about this. Go to Support; Mascot Distiller. The 
link is under Documentation.
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8. Can I use centroided data for 
quantitation?

There are links to download example option files. Although this isn’t relevant to 
quantitation, one of these is designed for raw files where both MS and MS/MS are 
centroids. It is a replacement for extract_msn.exe, which Thermo no longer distributes, and 
you’ll find it is even faster than extract_msn.exe because it doesn’t have to create a large 
number of individual *.DTA files
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9. How do I export my quantitation
results?

Copy table to clipboard
• Paste into Excel

Display HTML report in browser
• Print or save

Save XML
• For import into a relational database or another 

software application

There are three ways to get quantitation data out of Distiller.
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9. How do I export my quantitation
results?

Copy table to clipboard for Excel is often convenient for a quick calculation or to display 
something as a chart
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9. How do I export my quantitation
results?
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9. How do I export my quantitation
results?

The quantitation reports are HTML and can be displayed in a browser. These reports are 
created by transforming the XML result file into HTML by means of an XSLT style sheet. 
This is a powerful technology, because anyone can modify these style sheets or create new 
ones to make custom reports. 
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9. How do I export my quantitation
results?
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9. How do I export my quantitation
results?

The quantitation results, together with all the intermediate data required to calculate or 
display these results, can be saved as an XML format file by choosing Save As XML... from 
the Quantitation Reports... sub-menu. This XML document provides a clean and powerful 
way to integrate Distiller quantitation with other applications, or to export the results to a 
relational database. The file format is described by a schema called 
distiller_quantitation_1.xsd, which can be found in the Distiller application directory.
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9. How do I export my quantitation
results?

Here, we see the XML file displayed in XMLSpy as a data grid
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10. Should I choose normalisation? If 
so, which type is best?

When to use normalisation
•Analysing equal total weights of protein from a 
complex mixture, e.g. cell lysate – YES

•Starting with equal numbers of cells – NO
•Isolating a sub-set of proteins by affinity methods 
– NO

•Looking at a synthetic dilution series - NO

The correct time to use normalisation is when you have two or more samples, each of which 
is supposed to contain the same total amount of a reasonably complex mixture of proteins. 
Some proteins may be up-regulated, others down-regulated, but the majority are unchanged. 
In such a case, the mean ratio is expected to be close to unity. If it is not unity, this probably 
reflects systematic errors, such as failure to fully label or digest a sample, or maybe the 
sample aliquots were not identical. By forcing the mean ratio to unity, we can eliminate 
these systematic errors. 

That is, normalisation forces the average or median peptide ratio to be 1. If the average or 
median ratio is supposed to be 1, this is the smart thing to do. In other cases, it is absolutely 
the wrong thing to do. For example:

•If you are analysing a standard, where the ratio is supposed to be 3:1, you wouldn't want to 
force it to be 1:1, would you?

•If you start with equal numbers of cells and want to see the effect of starvation on one line 
then normalisation would be incorrect because you expect less protein from starved cells

•If you are isolating a sub-set of proteins by affinity methods then normalisation is not 
appropriate

Whether you get better results using average or median depends on various factors. The 
safest way to choose is to run some standards (e.g. similar samples spiked with varying 
amounts of a known protein) and see which gives the best accuracy and precision. 
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