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Studies that use mass spectrometry-based quantitation often contain very large numbers
of individual analyses: samples from different sources or treatments or time points,
possibly fractionated, with replicates and so forth.
Even a simple study can generate a large number of files. For example, imagine a labelfree study of 6 biological samples, 3 control and 3 treated, each of which has been
analysed at 4 time points in 3 technical replicates and each replicate has been separated
into 6 fractions prior to analysis. This would result in 432 raw files.
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Using statistical methods to extract meaningful information, and report it as charts and
tables is a complex task that requires custom scripting in a language such as R or
specialised software such as Perseus. These take their input in spreadsheet form, called a
Quantitation Summary, where the rows correspond to proteins and the columns contain
expression data for the various samples in the form of abundances or ratios of
abundances.
Until the release of Mascot Server 2.7, we did not have a convenient way to create a
Quantitation Summary from individual Mascot Server or Mascot Distiller result files.
Mascot Daemon now includes this functionality. Searches run through Daemon that
include label or label-free quantitation, including reporter methods such as iTRAQ and
TMT, can be combined and annotated to create just such a Quantitation Summary.
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The steps are, first, use Daemon to submit the search and initiate quantitation. The
analyses can be spread across any number of Daemon tasks, and can include existing
results from earlier versions of Daemon. For reporter ion experiments, you can use
Distiller for peak picking, but this is not a requirement. For MS1 quantitation methods,
such as SILAC and label-free, the raw files must be peak picked and quantified by
Mascot Distiller.
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Second, you select the relevant tasks and create a Sample Map.
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The Sample Map is used to annotate the list of result files with recognisable sample
identifiers. In this case we just need to complete the two right-hand columns. Third,
choose ‘Save quantitation summary’
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And Daemon creates and saves the Quantitation Summary, a tab delimited text file which
is the input file for statistical analysis. The best way to explain how this works in detail is
with a couple of examples
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The first example is a label-free experiment. A set of 12 raw files was downloaded from
PRIDE project PXD001385. According to the project description: "Four groups of
samples, called 3, 7.5, 10 and 15 were prepared in three replicates. The numbers indicate
the amount of E. Coli (in nanograms) spiked into 200ng HeLa digestion, which was
loaded onto the LC column for each sample. This simulated 5, 2 and 1.5 fold changes
relative to the 15ng sample."
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The files were processed in a single Mascot Daemon task, using Mascot Distiller for
peak picking and quantitation. The data were searched against human and E. coli
proteomes plus a contaminants database using typical search settings for Q Exactive
data. The quantitation method was 'Average [MD]', which is label-free MS1 quantitation
for individual files.
Once processing was complete, the task was selected in the list view on the Mascot
Daemon status tab. Right clicking the selection invoked a context menu, from which
Quantitation Summary; New sample map ... was chosen.
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We've tried to minimise the amount of typing required to create a Sample Map. As in
Excel, columns can be sorted so that a repeating value can be pasted to a range of cells.
In this case, sorting on raw file name (by clicking the column header) is all that is
required. For more complex data sets, sorting on file path or task name or time of
submission may help organise the files in a useful way. This is particularly important
when samples have been separated into large numbers of fractions. You don't want to
have to type in every fraction number. Just sort appropriately, select the cell range in the
fraction column, right click and choose Fill with integer series.
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If a sample is not fractionated, the fraction cells can be left empty, unless you wish to
merge replicates by treating them as fractions. In this example, there are two useful ways
to fill in the two columns on the right that are used to identify the samples. Like this, to
merge replicates as if they were fractions. An asterisk indicates the reference or control
sample, and the Quantitation Summary will include ratios relative to this sample.
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Or, like this, to create separate columns in the Quantitation Summary for each replicate;
useful if you want statistics for variation across replicates. Sample identifiers can be
anything you like as long as the combination of identifier and fraction number for each
file is unique.
The Sample Map can be saved to a disk file, even if not complete, and reloaded as
required. When Save quantitation summary ... is chosen, some validation is performed.
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If all is present and correct, a progress dialog is displayed, because calculations can take
some time for large numbers of files. The stages are
• Create a merged report of all search results
• Export the master list of proteins
• For each file, export the expression data for all peptides
• Assign the peptide data to proteins according to the master list
• Calculate protein abundances and ratios as required, including outlier detection
• Write everything to a disk file in TSV format
This is the Quantitation Summary for the label-free data when we choose to merge
replicates. Most columns are self-explanatory
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Over to the right are columns containing median ratios and total intensity values for each
protein. One of the strengths of the Quantitation Summary is that it uses the same

rigorous protein inference as the Mascot Protein Family Summary report.
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You may be able to get the report you want direct from Excel. For example, this box and
whisker plot of the data was produced in Excel.
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For a label-free experiment, there is a single column for the sample identifier. For
experiments that use isotopic labels, there will be a column for each component specified
in the quantitation method. If it was a typical SILAC experiment with two components,
light for unlabelled and heavy for labelled, there would be two columns labelled Intensity
light and Intensity heavy. An experiment that uses isobaric tags might have eight or more
components.
This is a sample map for 8plex iTRAQ data. There are many ways of conducting such an
study. This shows a case where there are 8 fractions for each sample, so the first 8 rows
shows the same arrangement of samples, A to H. These fractions will be merged in the
Quantitation summary, and A has an asterisk, so there will be columns for ratios to
sample A as well as the total intensities for each channel. The second set of rows contains
7 new samples, plus reference sample A.
If the rows were replicates, and not fractions, then using the same channel for a sample
across multiple replicates would be missing a trick.

16

Better to rotate the labels, so as to reduce or eliminate systematic errors. Ideally, a socalled Latin Square, where each sample is rotated through all possible tags, as shown
here for the first 8 rows. Rows are merged by sample identifier, so that the Quantitation
Summary contains the correct ratio and intensity information.
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Having created a Quantitation Summary, what can you do with it? One option is to open
it in Perseus, from the Max Planck Institute. This is a good choice if you prefer to
manipulate the data using a spreadsheet type of approach

18

If you are willing to do a bit of scripting, the R language provides access to a huge range
of statistical and graphical tools. Bioconductor is a collection of packages for genomic
and proteomic applications. Currently, 135 packages are indexed under proteomics and
91 under mass spectrometry.
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I’ll use a package called DEP to illustrate the types of analysis that can be achieved with
a few lines of scripting.
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The data comes from this study to identify oncogenic microRNAs in non-small cell
lung cancer. Quantitation used 10plex TMT
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72 files downloaded from PRIDE project PXD004163 were processed and searched
using Mascot Daemon, as described earlier.
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The Sample Map looks like this. 3 replicates of the control and one of the microRNA
treatments, 2 replicates of the other two treatments. Peptide FDR was set to 1% by
target/decoy.
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Using DEP, we can very easily create a number of informative charts. Some are for QC,
such as this one, which shows we have data for almost all 8021 proteins across all 10
channels – very few missing values.
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A box plot showing the intensities before and after normalisation
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PCA shows the replicates cluster nicely
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A heat map for sample to sample similarity
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Finally, a volcano plot for fold changes between one treatment and the control. The
outlier proteins are labelled with their identifiers.
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As always, detailed help and reference material for the Sample Map and Quantitation
Summary can be found in the Mascot Daemon help file
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