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Introduction:
LC-MS based protein/peptide quantification has drawn 
attention for physiopathology/pharmaceutical studies. 
For such research, especially clinical studies, obtaining 
a large number of samples is necessary to provide 
sufficient statistical power, i.e., over 50 samples per 
group are often necessary due to the high 
interindividual variation [1]. For cohorts with large 
sample sizes, performing a QC step is essential for 
ensuring data quality and validity of the results.
 
PEAKS Online has a automated QC tool that provides 
sophisticated QC analysis on top of protein/peptide 
identification and quantification results. All the 
statistical analyses are user-friendly and can be 
specified based on the user�s requirements.

Case study: benchmarking data set analysis with PEAK Online:
A published data set [2] was used as an example to demonstrate an application of LFQ and QC analysis in 
PEAKS Online.

Study aims and background:
Label-free quantification using DDA and DIA (SWATH) can be compared to determine which acquisition 
method leads to more reproducible and accurate results. DDA is the more traditional way but also suffers from 
high missing values and under-sampling. DIA is more robust and can resolve DDA-related biases, however, DIA 
also has issues such as high false positive rate in complex MS2 spectra. In this study, the same samples were 
analyzed by high-resolution DDA or DIA (SWATH) and compared. When performing MS1 ion current 
extraction, high resolution DDA (HS-DDA) quantification was comparable to DIA in accuracy, precision, and 
better for lower abundance proteins. In this application note, the DDA data is used for presenting automated 
QC tool in PEAKS Online, to highlight attributes that fail in the analysis.



Methods:
Five groups of samples were prepared with three different proteomes (human, E. coli and yeast) and run with 
five technical replicates (n=25). The human protein proportion was 60% across all samples. The portion of E. 
coli to yeast protein amounts were as follows:

A: 5%/35%, B: 7.5%/32.5%, C: 10%/30%, D: 15%/25%, E: 20%/20%.

DDA data was acquired with MS1 240000 resolution and MS2 15000 resolution. The gradient was 160 minutes 
long. A detail of LC-MS method can be found in [2].

Results:
MS data (5 runs *5 samples) was analyzed in PEAKS Online as LFQ with PEAKS Q module (Figure 1a). For the 
quantification part, match-between-run and TIC normalization were applied. The detailed search parameters 
are shown in Figure 1b.

Fig 2. LFQ result. (a) Number of identified attributes. (b) The volcano plot for differentially expressed proteins.

Fig 1. Protein/peptide quantification in PEAKS Online. (a) PEAKS Q workflow integrated with QC function. (b) LFQ parameters used.



Results cont�d:
QC result of LC-MS data
In QC analysis, the sample average was set as the reference, and the acceptance tolerance was set as 
10%. Any attribute that falls outside of the 10% acceptance tolerance is labelled in red (fail) in the QC 
result views (Table 1).

The QC result shows the number of MS1, MS/MS, features, MS2/MS1 ratio, full peak width, full peak 
width at half maximum (FWHM), and total base peak chromatogram (BPC) intensity. The data QC result 
shows that out of all 25 samples (E01-E05 are not shown in Table 1) and 7 different metric categories, only 
B04 and B05 have a lower BPC intensity compared to the average value (12.7% and 11.6%), causing this 
attribute to fail and fall outside of the 10% acceptance tolerance.

While using at least two peptides per protein for quantification, 6076 protein groups are quantifiable. The 
number of features, features with identifications, and protein groups are listed in Figure 2a. The volcano plot 
shows the differential expression of proteins across all samples (Figure 2b).

Table 1. LC-MS Data QC Result

Fig 3.  (a) Number of features found in each sample. (b) Cumulative precursor count plotted against retention time.



The number of features (highlighted in blue in Table 1) in each sample is also presented in a bar chart 
with min and max tolerances (Figure 3a). The cumulative precursor count is shown in Figure 3b. A near 
linearity increment of precursor across retention time suggests the peptides were well separated by the 
LC gradient. 

The Chromatogram of each sample (up to 5) overlay in Figure 4, provides an overview of total ion 
chromatograms (TIC) from the selected LC-MS runs. This visualization allows the user to assess 
differences in the chromatograms across sample runs. 

Fig 4.  Sample TIC over retention time for samples A01 to A05.

Table 2. LFQ QC Result.



Fig 5.  Number of identified and quantified protein groups and covariance values. (a) Identified and quantified protein groups after match between runs. (b) 
Number of proteins with corresponding CV values.

Fig 6.  Sample reproducibility between A01 and A02. (a) Number of peptides unique or common in samples A01 and A02. (b) Number of proteins unique or 
common in samples A01 and A02. 

The peptide/protein identification reproducibility figures (Venn diagrams) shown in Figure 6 allow the 
user to quickly determine how many common or unique peptides/proteins are identified between 
samples. The Pearson correlation charts of samples shown in Figure 7 displays the correlation of peptide 
or protein intensities between the two selected samples. The user could pick any pair of samples to 
perform such examinations. 

QC result of LFQ
Similar to the QC result of LC-MS data, a table is provided for the LFQ QC result (Table 2). The 
highlighted part (identified and quantified protein groups) is also presented in a bar chart (Figure 5a). 
The min and max acceptance tolerance is calculated based on the average number of quantified protein 
groups. The number of proteins with the corresponding covariance values (CV) are shown in Figure 5b. 
The CV value here reflects the variance in a protein�s abundance across all samples. 



Fig 7.  Pearson correlation of A01 and A02. (a) Correlation of peptides in samples A01 and A02. (b) Correlation of proteins in samples A01 and A02.

Conclusion:
The new version of PEAKS Online integrates an automated QC tool for protein/peptide identification and 
quantification. By coupling QC information with data analysis, PEAKS Online can help users efficiently validate 
sample data in large cohorts and provide information for any potential troubleshooting.
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Fig 8.   Box plot of the difference in the retention times of peptides from all samples across the LC gradient, with respect to a specified control sample.
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