
Label Free quantitation using Precursor 
Intensity in Scaffold and Scaffold Q+/
Q+S

This document explains Precursor Intensity Quantitation and describes how this quantitative 
method is supported in Scaffold and Scaffold Q+.
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Introduction

The Scaffold Suite of programs supports a variety of methods for performing quantitative 
mass spectrometry. Scaffold offers full support for spectral counting techniques, including 
emPAI and NSAF, and also calculates Total Ion Current (TIC), the sum of the intensities of 
the peaks in the MS/MS spectra. Scaffold Q+ supports isobaric labeling techniques, such as 
iTRAQ and TMT, and Scaffold Q+S adds support for SILAC and dimethyl labeling.

An increasingly popular option for quantitative Proteomics, however, is Precursor Intensity 
Quantitation, which offers a good compromise between the accuracy of labeled techniques 
and the simplicity and lower cost of label-free quantitation. This method relies on measuring 
the signal intensity of the peptide precursors representing a specific protein at the MS level 
and comparing these intensities across samples. Both Scaffold and Scaffold Q+/Q+S support 
this method in different ways.

Precursor Intensity Quantitation in Scaffold and Scaffold Q+/Q+S

Scaffold is designed to provide easy and confident validation, visualization and quantitation 
of search results. It does not read raw files and does not have direct access to precursor 
information; instead it reads intensity data already computed by the identification software. 
Currently, Scaffold is able to obtain precursor intensity information from Thermo Proteome 
Discoverer, Mascot Distiller, Agilent Spectrum Mill, and MaxQuant files. Scaffold 
normalizes precursor intensity values across samples and calculates fold changes at the 
BioSample or Category level. Statistical tests of differences in the calculated intensities are 
also offered, including the T-Test, ANOVA and Coefficient of Variance as appropriate to the 
experimental design.

Because of its dependence on search results, Scaffold’s approach to Precursor Intensity 
Quantitation is to work backward from the peptides that have been identified through their 
MS/MS spectra and compare the intensities of the MS peaks from which they were derived. 
By contrast, some programs align the MS peaks of all samples and calculate their intensities. 
The peaks that appear to be biologically important are subsequently identified. This method 
has the advantage of providing quantitative information for low abundance proteins, but it 
relies on complicated peak alignment algorithms and may in some cases incorrectly identify 
the corresponding peaks.

Working from identifications is simpler, since it obviates the need for retention time warping 
and peak alignment, and it has the advantage of depending on more reliable data. On the 
other hand, in this approach missing values become an issue. Often a peptide is identified in 
one sample and not in another, producing a missing value even if there may have been a 
detectable MS peak in the corresponding position in the second sample. Generally, however, 
higher abundance peptides are more likely to be identified and MS peaks that do not result in 
identified spectra are relatively weak signals, minimizing the effect of treating them as 
missing values. Scaffold further reduces the effect by choosing algorithms that are less 
sensitive to missing values: for example it uses the geometric mean rather than the average in 
calculating protein level fold-changes.

Scaffold Q+ uses the precursor values read by Scaffold, but offers more sophisticated 
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normalization methods and a number of more advanced visualization tools and statistical 
tests. In Scaffold Q+, quantities can be compared at the peptide level as well as at the protein 
level. Several non-parametric significance tests are available, including a permutation test, 
and blocking can be performed at the level of the spectrum, peptide or sample to properly 
handle experimental designs with replicates. A number of graphical displays assist in 
assessing the significance of any observed differences in expression.

Figure 1: Scaffold Q+ graphics showing differential expression at the protein and peptide 
levels.

Scaffold Q+ also relies on statistical techniques that provide more reliable quantitation, 
especially in the presence of missing values. By default, quantitation is based only on 
exclusive peptides and normalization is based on median values. Kernel density estimation 
with intensity weighting further mitigates the effects of missing values. The program 
substitutes a very low intensity for missing values, and constructs a kernel-density 
distribution of all of the intensity values. It then uses the median of this distribution to 
estimate protein abundance. Since missing values would be expected to be lower than the 
intensities of the identified peptides, substituting a minimum value does not affect the 
calculation of the median. This situation is illustrated in Figure 2.

Figure 2: Median Density function minimizes the effect of missing values - A. Missing 
values are assigned a relatively small intensity value and will appear here. B. 
Protein abundance is the center of the distribution, where half of the values are 
smaller, half larger. As long as the missing values were smaller than all of the non-
missing values, substituting their actual intensities would not affect this value.
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Calculation of Precursor Intensities

Precursor Intensity Quantitation is based on the principle that the area of the peak in the MS1 
chromatogram provides a measure of the relative abundance of the corresponding peptide in 
the sample. Peptides are identified based on their MS/MS spectra, and then the 
corresponding MS1 peaks are identified in each LC-MS/MS run. The areas under these 
peaks are calculated and normalized and their ratios are used as a measure of the relative 
abundance of the peptides in different samples. Relative quantities of proteins are estimated 
by combining the precursor intensities of the constituent peptides in various ways. 

The following illustration of the typical LC-MS/MS analysis of a peptide is reproduced from 
Lai (2013).

Figure 3: Identification of a peptide through LC-MS/MS analysis

Figure 3-a: The peptide is eluted from the LC column and its ion intensity is plotted as a 
function of the retention time.

Figure 3-b: At the first scan time shown in red in (a), a full MS scan is performed. The ion with 
m/z 786.09 is selected as a precursor ion for MS/MS analysis.
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Figure 3-c: At the next scan (also shown in red in (a)) , an MS/MS scan is performed, 
providing peptide fragmentation information for peptide identification.

Once a peptide has been identified, a program can go back to the MS1 scans and find a series 
of spectra which contain peaks corresponding to the same peptide as it continues to elute 
from the column. These spectra are then aligned and the intensities of the peaks for the 
specific m/z value which represents the parent ion of this peptide are plotted against the 
retention time, giving an extracted ion chromatogram.

Figure 4: The intensities of the MS peaks at the same m/z value are plotted as a function of 
the retention time. The area under this curve (enclosed in red) is the precursor ion 
intensity.

In the extracted ion chromatogram, a curve is fit to the intensities at a specific m/z. The area 
under this curve represents the total amount of the specified peptide that eluted. Scaffold 
reads these values from its input files and uses them to do quantitative analysis.
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Preparing Data for Precursor Intensity Quantitation in Scaffold

Scaffold reads precursor intensity information from various identification programs provided 
that the User has requested this type of quantitation during the search. Following are 
instructions for preparing input files for quantitation in Scaffold:

Proteome Discoverer

Proteome Discoverer (PD) provides a workflow template for computing precursor intensity 
values. The template WF_LTQ_Orbitrap_Sequest_Precursor_ions_Area_Detector can 
be used as a starting point, and the search engine choice or instrument settings may be 
changed. Scaffold reads the precursor intensities from the MSF file. 

Similar instructions work for the PD version 2.0. More information on how to load PD 2.0 
search results in Scaffold is provided in the white paper: Configuring PD 2.0 for loading data 
in Scaffold.

Mascot Distiller

When setting up the Mascot search, select Average[MD] as the quantitation method. When 
the search is complete, in Distiller select Analysis>Calculate XIC, and then 
Analysis>Quantitate. Export the results as an XML file using Analysis>Quantitive 
Report>Save as XML. Also create an ROV file by saving the project with File>Save 
Project As…. Place the ROV file and the XML file in the same directory, and if the DAT file 
is not accessible directly from the Mascot Server, also place that file in the same location. 
Load only the XML file into Scaffold. 

Spectrum Mill

No special settings are required. Load the entire Spectrum Mill results directory into 
Scaffold. 

MaxQuant

MaxQuant 1.3 will only compute precursor intensity when two or more raw files are 
processed together. Each of the samples to be compared must be labeled with a different 
experiment name in the experiment.txt file.

Generally, all MaxQuant results in a single directory load into Scaffold as a single sample. 
For precursor quantitation, however, the samples to be compared must be loaded into 
different BioSamples. Accordingly, Scaffold has a special dialog that opens when the 
program recognizes the presence of an experiment file. To place each experiment into its 
own BioSample, from the loading wizard select the MaxQuant output directory and click 
Add to Import Queue then when the dialog appears, select the first experiment. Click Next, 
then Add another BioSample and select the same directory, but choose a different 
experiment from the dialog box. 

In MaxQuant 1.4, precursor intensity may be computed even when analyzing a single raw 
file if the user selects the Label Free Quantitation option. Individual results may then be 
loaded into separate BioSamples in the usual way and used for Precursor Intensity 
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Quantitation in either Scaffold or Scaffold Q+.

If two or more raw files are analyzed together in MaxQuant 1.4 with the Label Free 
Quantitation option selected, and no Experiment.txt file is provided, they form a single 
combined folder which loads into Scaffold as a single sample. In this case, Scaffold and 
Scaffold Q+ are unable to perform Precursor Intensity Quantitation. It is possible, although 
not required, in MaxQuant 1.4 to create an experiment file. The experiments can be named 
through the MaxQuant 1.4 GUI, and then an experiment file can be exported by right-
clicking and choosing Export. The user should name the file Experiment.txt and then 
Scaffold will recognize it and loading can proceed as for MaxQuant 1.3 results.
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Performing Quantitation in Scaffold

Scaffold reads the precursor intensity values already computed by the search engine software 
from the input files. For each peptide-spectrum match, it reports the intensity value in the 
Peptides Table in the upper right of the Proteins View (Figure 5). 

Figure 5: Precursor Intensities in the Peptides Table

Scaffold provides three methods of using these values to perform relative quantitation at the 
protein level. These methods are available through Experiment > Quantitative Analysis or 
by clicking on the bar-graph icon at the top of the screen. Either of these methods brings up 
the Quantitative Analysis Setup dialog (Figure 6). Because it is a relative quantitative 
method, when using label-free quantitation, it is necessary to select at least two samples. It is 
also important to adjust the Minimum Value setting to a value that is appropriate for 
intensities. Values other than zero require the use of the Other option in the dropdown. A 
checkbox allows the user to choose whether or not to normalize between samples.

Figure 6: The Quantitative Analysis Setup Dialog – A. Selecting the Quantitative Value, B. 
Specifying the Minimum Value, C. Selecting Normalization option

There are a number of options for combining peptide precursor intensities to provide an 
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estimate of relative quantities at the protein level. Scaffold provides three methods: Average 
Precursor Intensity, Total Precursor Intensity and Top 3 Precursor Intensity. These are 
calculated from the Intensity values shown in the Peptides Table as follows:

Figure 7: Intensity values for a singleBioSample for a specific protein - A. Note that often 
multiple MS2 spectra are collected from a single MS1 spectrum. This results in 
duplicate reports of the same Intensity value. Scaffold counts each value only 
once. B. Intensities for different charge states of the same peptide are summed to 
give the total intensity for that peptide.

First, peptide intensity values are calculated. As shown in Figure 7, duplicate intensity values 
for the same peptide are discarded. If there are multiple peptide-spectrum matches with the 
same peptide sequence and modifications but with different intensity values, their intensities 
are summed and the sum is used as the intensity value for that peptide. The peptide intensity 
values are then used in the following calculations:

• Average Precursor Intensity: The geometric mean of the peptide intensity values for a 
given protein. 

• Total Precursor Intensity: The sum of all distinct intensity values for a protein.

• Top 3 Peptides Precursor Intensity: The sum of the three highest peptide intensity 
values for a protein. If fewer than three peptides have intensity values, the intensities that 
are present are summed. 

When one of these methods is selected through the Quantitative Method drop-down, it 
becomes available for display in the Samples View. Choosing Quantitative Value from the 
Display Options drop-down causes the Samples View to show precursor intensity values 
calculated according to the selected method in the Samples Table. The name of the method is 
displayed in Display Options and if the values have been normalized, that is also indicated 
(Figure 8).
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Figure 8: The Samples View – A. Quantitative Method selected B. Protein-level intensity 
values  C. Fold Change calculated from the precursor intensity values.

Using the Quantitative Values based on precursor intensity, Scaffold can also calculate fold 
change at either the BioSample or the Category level. The desired fold change option is 
specified in the Quantitative Analysis Setup, which also allows selection of which 
BioSample or Category should serve as the reference (Figure 9).

Figure 9: Requesting display of Fold Change – A. Choice of Fold Change by Sample or by 
Category, B. Specification of Reference Sample or Category.
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When a Fold Change option is selected, an additional column is displayed in the Samples 
View. Fold Change is based on the Quantitative Method selected in the Quantitative Analysis 
Setup dialog even if a different display type (such as Total Spectrum Count) is displayed in 
the Samples View. 

Figure 10: Fold Change by BioSample – A. The Fold Change column, showing the ratio of 
the Average Precursor Intensity of BioSample 4 to the Average Precursor 
Intensity of BioSample 2.

Fold Change by Sample is only available if exactly two BioSamples are selected for 
quantitation. It displays the ratio of the quantitative value of the non-reference BioSample to 
the quantitative value of the reference BioSample for each protein. The reference Sample is 
indicated by peach coloring in the column header, and the sample being compared is 
indicated by a purple header.

If samples from exactly two categories are selected, Fold Change by Category is available 
for display.
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Figure 11: Fold Change by Category – A. Selected samples must belong to exactly two 
categories. B. The Fold Change values are displayed in a column in the Samples 
View.

The fold change values represent the ratio of the average of the quantitative values of the 
selected samples in the comparison category to the average of the quantitative values of the 
samples in the reference category.
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Performing Quantitation in Scaffold Q+

Loading Files

Scaffold Q+ offers more sophisticated statistical analysis and better visualization tools for 
precursor intensity quantitation.  Data is loaded through Scaffold, with Precursor Intensity 
(Standard) selected as the Quantitative Technique.

Figure 12: Selecting Precursor Intensity as the quantitative method for Scaffold Q+

Each BioSample will constitute a quantitative sample in Q+, so if two or more samples are to 
be compared, each must be loaded into a separate BioSample. At least two BioSamples are 
required for quantitation in Scaffold Q+. Once files have been loaded and the Q+ icon 
selected, the Quantitative Samples View opens.

Normalization

In order to adjust for different protein levels between experiments, normalization is done to 
equalize intensities across BioSamples. For each BioSample, this is done by subtracting 
from each log intensity the median (or mean depending on the Calculation Type selected) of 
all log intensities in that acquired sample and adding back the median (mean) of all log 
intensities globally. Normalization may be turned off through Quant>Quantitative Settings 
by setting Normalization Between Samples to Off.

Settings 

Scaffold Q+ uses only peptides that are exclusive to a single protein (or protein group) for 
quantitation. This can be changed, however, through Quant>Quantitative Settings>Other 
Settings. Checking the Use Non-Exclusive Peptides box causes the program to consider all 
peptides associated with a protein for quantitative purposes.

Through the Quant menu, Quantitative Settings allows one more selection: the Quant 
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Uniqueness Model, which determines the level of blocking for statistical tests. By default it 
is set to Unique Peptides, meaning that each combination of charge state, modifications and 
sequence will be combined by kernel density estimation and treated as a single block.  In 
cases where there is insufficient data for higher level blocking, it may be necessary to set the 
level to Unique Spectra. If the experiment contains replicates and hence multiple spectra for 
each peptide, it may be possible to set the blocking level to Unique Samples, treating all 
spectra from a given sample for a given protein as a block so that the only variance 
considered is between samples. 

Display Options

By default, the Samples Table displays the Log2 Fold Change values for each protein. 
Rather than calculating a ratio of the intensity value of one BioSample to another as Scaffold 
does, Scaffold Q+ compares each intensity value to the average intensity of all reference 
spectra for a given protein. The ratios are displayed in this way for several reasons. First, this 
method allows the user to see the variation in the reference samples; second, it reduces the 
standard deviation of the denominator of the ratios, giving a smaller error rate for the ratios; 
and third, it allows more accurate statistical testing of differences in expression levels (for a 
discussion of the problem of applying ANOVA to ratios, see Raubenheimer (1992)).

The Display Options dropdown offers alternative views of intensity data. Fold Change 
Ratio is the fold change displayed directly rather than in log form, Normalized Intensity 
Value is the normalized intensity of the protein displayed in log form, and Coefficient of 
Variance is the ratio of the standard deviation of the intensity values to the mean intensity.  
Exclusive spectral counts and protein probabilities are also available.
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Release
Information

The following release information applies to this version of the White Paper: 
Precursor Itensity Quantitation. This document is applicable for Scaffold, 
Release 4.0 or greater, and is current until replaced.

Copyright  2015. Proteome Software, Inc., All rights reserved.

The information contained herein is proprietary and confidential and is the 
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without the express written permission of Proteome Software, Inc.

Limit of Liability Proteome Software, Inc.. has used their best effort in preparing this guide. 
Proteome Software, Inc. makes no representations or warranties with respect 
to the accuracy or completeness of the contents of this guide and specifically 
disclaims any implied warranties of merchantability or fitness for a particular 
purpose. Information in this document is subject to change without notice and 
does not represent a commitment on the part of Proteome Software, Inc. or 
any of its affiliates.The accuracy and completeness of the information 
contained herein and the opinions stated herein are not guaranteed or 
warranted to produce any particular results, and the advice and strategies 
contained herein may not be suitable for every user. 

The software described herein is furnished under a license agreement or a 
non-disclosure agreement. The software may be copied or used only in 
accordance with the terms of the agreement. It is against the law to copy the 
software on any medium except as specifically allowed in the license or the 
non-disclosure agreement.
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registered trademarks of their respective owners.

Customer
Support

Customer support is available to organizations that purchase Scaffold, 
Scaffold Q+ or Scaffold Q+S and that have an annual support agreement. 
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