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Abstract

Nowadays Proteomics becomes more and more
popular in life science. Protein quantification,
especially based on mass spectrometry (short for MS)
method, is perceived as an essential part of research
on proteomics. There have been some algorithms and
software for protein quantification based on MS. But
they have difficulties on portability, applicability and
longtime running. To solve these problems, we
developed a new domestic parallel software package
called QuantWiz for high performance Liquid
Chromatography (short for LC)-MS-based label-free
protein quantification. In this paper, we described the
framework design and prototype development of this
high performance software package firstly. Also, user
interface developed for the visualization of QuantWiz

is introduced. Finally, we showed implementation of

the parallelization version and performance of some
experiments on this software package.
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1. Introduction

As the post-genomic time arrived, proteomics
becomes one of the most important research fields in
life science. Biological functions of proteins not just
depend on their specific 3D (three-dimension)

structures, but also rely on the variation of the quantity.

Therefore protein quantification is one of the critical
procedures in the researching progress. Recently,
quantification based on mass spectrometry (short for
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MS) turns into a core subject for many researchers [1].
After high throughput proteomics experiment based on
MS, processing and analyzing of these large amounts
of data is obviously of great importance.

Based on the information inherent in
chromatographic data, MS spectra, and MS-MS (MS2,
or shotgun tandem mass spectrometry) -based peptide
assignments, label-free quantitative strategies are
attractive alternatives for quantitative LC-MS-MS-
based proteomics because of their simplicity,
affordability, and flexibility. Since label-free
quantification has emerged as a promising technology
for proteome analysis, computational methods are
required for the accurate extraction of peptide signals
from LC-MS data and the tracking of these features
across the measurements of different samples.

There have been some algorithms and software
such as TPP [2], OpenMS [3], SuperHirn [4],
MapQuant [5] and ASAPRatio [6] and so on for
protein quantification based on mass spectrometry.
However, these algorithms and software all have the
problem of portability. Some are just for isotope-
labeled protein quantification, such as ASAPRatio.
Besides, some do not support data format from specific
mass spectrometer, for example, high-precision data
from Shanghai Institutes of Biological Sciences (short
for SIBS below). Moreover, running time of some
software as ASAPRatio is too long and all those
algorithms and software mentioned above have no
parallel version for high throughput data processing.

Before starting our research work on QuantWiz, we
have intensively studied all these software packages
mentioned above. Taking into account the problem
emerged in other algorithms or software, we designed
the framework and developed QuantWiz for high
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performance ~ LC-MS-based label-free
quantification. It has features as follows:

1) QuantWiz is developed by JAVA to solve the
problem of portability.

2) This software package supports three kinds of
data formats. First, it supports the standard mzXML
mass spectrometry data format [7]. The pepXML
format [8], which is XML format for storage, exchange,
and processing of peptide sequences derived from
ms/ms scans, is also supported for the identified
peptides. Last but most importantly, the specified
format defined by tab-delimiter of SIBS is supported
by QuantWiz.

3) We applied some optimization techniques to
QuantWiz to reduce the execution time in other
algorithms or software. We use data blocks and B-tree
index structure to speed up data querying efficiency.

4) Parallelization was performed in some
experiments subsequently.

This paper is organized as follows. The software
design of QuantWiz will be introduced at first, which
includes software architecture and parallelization
method. Afterwards we evaluate on both accuracy and
scalability of the performance. Ultimately, we give out
the conclusion.

protein

2. QuantWiz Software Design

2.1. QuantWiz Software Architecture
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( )
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Figure 1 Software Architecture of QuantWiz
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QuantWiz is designed as three layers and its
architecture is shown in figure 1. The three layers are
the data layer, with the quantification layer in the
middle, and visualization layer on the top. Each layer
has its own function:

1) Data layer: creating file index, maintaining data
buffer and managing MS data. The data layer is a
buffered storage manager for indexed LC-MS data, in
which the LC-MS data is divided into blocks and a
simple and robust B-tree index structure is constructed.
This index will speed up data querying efficiency
dramatically.

2) Quantification layer: defining abstract classes,
interfaces and each module in the process of protein
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quantification. We will discuss this in detail in Section
2.2.

3) Visualization layer: menu for users’
visualization. This part will be described in Section 2.3.

2.2. Quantification Process
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Figure 2 Quantification Process of QuantWiz

The quantification process, which is shown in
figure 2, is the core part of this software package.
When we get the LC-MS runs or MS2 data, we
perform preprocessing to extract features on the input
LC-MS raw data and MS2 identifications which are
associated with detected features from a database
search. In order to create an alignment topology, MS-
alignments are performed for every LC-MS pair. Thus
we can reconstruct the single ion chromatogram. After
the operation of denoising and baseline correction, we
extract peak prepared for the calculation of peptide
abundance ratio. But Dbefore that, intensity
normalization needs to be done to avoid experimental
artifacts as differences in the loading volumes between
samples, peptide ionization variations or decouple

feature intensities from the original peptide
concentrations.
The “abundance ratio” mentioned above is a

critical concept of protein quantification. It is what we
need as the final result. An abundance ratio in this
paper means the relative quantitative ratio in different
samples for the same peptide or protein. The peptide
abundance ratio is calculated from the area under peak.
However, this is not the final result. We will discuss in
detail how to infer protein abundance ratio from
peptide abundance ratio later.

Note that different algorithms have different effects
and advantages for different data. Therefore, we
provide multiple algorithm modules in some parts of
our process for users to choose, and consequently
increase scalability and flexibility.

Table 1 Optional Algorithm modules in QuantWiz



Interface

Algorithm Module

MS alignment

Polynomial Fitting

Reconstruct SIC

Extract Single Isotope Peak

Denoising SG Smoothing

Denoising BMIE based on Wavelet

Baseline correction Lowess Smoothing

Extract Peak Find LC valley

Extract Peak Extract LC Peak based on
Maximum Value

Intensity Global Normalization

Normalization

Calculate AUP Weighted Average of original

LC Peak Area and Denoised
Peak Area

From the above workflows shown in figure 2, we
can get the abundance ratios of peptides. However, this
is not enough, because the final results we expect are
protein abundance ratios. We called the process from
peptides to proteins as “protein inference”. Figure 3
shows us how we get protein abundance ratio from
peptide abundance ratio. First, multiple peptide
abundance ratios for the same peptide were clustered
into several classes by Xmean method [9] from WEKA
package based on JAVA. The reason we chose this
method is that it can automatically give optimized
number of clusters. We chose the class with best
correlation coefficient as a unique peptide abundance
ratio. Second, with the correlation coefficient as
weight, the average of unique peptide abundance ratios
was calculated as the final protein abundance ratio.

Peptide Abundance ratio

Clustering

r

Unigue Peptide Abundance ratio

Correlation coefficient

L

Protein Abundance ratio

Figure 3 Protein Inference Flow Paths

2.3. Visualization

For user friendly, we developed visualization
interface as a part of QuantWiz software package. An
example of the use of this interface is displayed in
figure 5. It has several features:

1) Support standard MS data format and special
format of SIBS.

2) Support 2D (two-dimension) and 3D (three-
dimension) display of LC graphs, as shown in figure 5.

3) Function of simple manually quantification.
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Figure 5 User Interface of QuantWiz

For sake of clear view, we just show the main part
of the user interface of QuantWiz in figure 5. On the
left is the file tree view. Peptide identification data,
that is MS data, is on the top. Specific MS data can be
found by the search according to its special attribute
values in the middle. At the bottom shows each MS
data and final result will be displayed there. We can
get the abundance ratios after quantification process
showed in the top view in figure 5.

2.4. Parallelization

We chose shared memory paradigm (short for SMP)
to parallel in our algorithm. With data parallelization,



we realize the parallelization work in the quantification
process shown in figure 2. Specifically, we used main
thread and thread pool with slave threads in JAVA as
indicated in figure 6. The reason we used thread pool
is that slave thread minimizes the overhead due to
thread creation. As we know, thread objects use a
significant amount of memory. In a large-scale
application such as in our work, allocating and
deallocating many thread objects create a significant
memory management overhead. Yet in thread pool,
thread has been ready when requested, thus reduce the
overhead of thread creation. In our work, each of the
two kinds of threads has its own function respectively
as following:

1) Master Thread: reading and dispatching MS data.

2) Slave Threads: processing data and performing
the quantification.
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Figure 6 Parallelization Method of QuantWiz

3. Software Evaluation

3.1. Quantification Accuracy

We used the standard testing dataset provided by
SIBS, with 5 MS runs and 325 peptide identification
results. The expected abundance ratio is 1:1:2:5:10.
After the quantification of QuantWiz, we got 79
unique peptide abundance ratios and finally 49 protein
abundance ratios.

For the first two samples in figure 7, quantification
results from QuantWiz are rather close to the standard
ratios, but in the other three samples, the error becomes
larger. Anyway, the trends are correct between the
results from QuantWiz and expected values, yet the
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precision needs to be improved especially when
abundance ratios are larger.
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Figure 7 Comparisons of Expected Ratio and Average Ratio by
QuantWiz

3.2. Parallel Performance

The platform we performed evaluation is a SMP
server of 4-way Quad-Core processors:

1) Processors: AMD Opteron 8354/2.2GHz

2) Memory: 16GB

3) Operating System: Ubuntu 8.10

4) JAVA Runtime Environment 1.6

The MS data we used is from Orbitrap mass
spectrometer provided by SIBS, with 12 MS runs and
88836 peptides. Because of the condition of hardware
platform, we have only evaluated the parallel
performance once. But according to what we discussed
before, we can see that the execution time will not vary
greatly under multiple experiments. As given in figure
8, execution time using 1 thread is 79637 seconds, that
is, more than 22 hours which is nearly a whole day. On
the contrary, task can be finished in 5412 seconds
which is 1.5 hours if we use 16 threads (Figure 8). So
the speedup is 14.71 on the 16-core server when thread
number is 16 which are shown in Figure 9.
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Figure 8 Excution Time Using Different Numbers of Thread
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Figure 9 Speedup of QuantWiz Using Different Numbers of Thread

4. Conclusion

In our work, we designed the framework and the
developed the software package QuantWiz for LC-
MS-based label-free protein quantification. Using our
performance  optimization  techniques, several
difficulties as portability, applicability, long running
time that existed in some other popular algorithms or
software has been avoided. We also implemented the
parallelization of QuantWiz and performed some
experiments on it.

Meanwhile, there is some works needed to be
continued in the future. First of all, quantification
precision in our software package is not as well as
expected. This will be a main work for us later on.
Further discussion and analysis of users’ requirement
of SIBS is also needed in the future.
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