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ABSTRACT: The awareness that systematic quality control is an essential
factor to enable the growth of proteomics into a mature analytical discipline
has increased over the past few years. To this aim, a controlled vocabulary and
document structure have recently been proposed by Walzer et al. to store and
disseminate quality-control metrics for mass-spectrometry-based proteomics
experiments, called qcML. To facilitate the adoption of this standardized
quality control routine, we introduce jqcML, a Java application programming
interface (API) for the qcML data format. First, jqcML provides a complete
object model to represent qcML data. Second, jqcML provides the ability to
read, write, and work in a uniform manner with qcML data from diﬀerent
sources, including the XML-based qcML ﬁle format and the relational
database qcDB. Interaction with the XML-based ﬁle format is obtained
through the Java Architecture for XML Binding (JAXB), while generic
database functionality is obtained by the Java Persistence API (JPA). jqcML is released as open-source software under the
permissive Apache 2.0 license and can be downloaded from https://bitbucket.org/proteinspector/jqcml.
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■

INTRODUCTION
Over the past few years, the awareness has risen that in order
for mass-spectrometry-based proteomics to advance and evolve
into a mature analytical ﬁeld, the need for systematic quality
control is paramount.1 As a result, a lot of research has been
conducted to identify quality metrics that are able to capture
the operational characteristics of a mass spectrometer.2 These
eﬀorts have enabled a shift in focus toward a “quality by design”
paradigm, as illustrated by the extensive and recent review by
Tabb3 that summarizes the current state of quality-control
research in proteomics.
The deﬁned quality-control metrics provide valuable
information and can play an important role in allowing
researchers to assess the accuracy of the results and to
subsequently correctly interpret the experimental results.
However, there are still some limiting factors that prevent the
widespread adoption of these metrics as an inherent quality
control component in mass-spectrometry-based proteome
analysis. More speciﬁcally, there are two main issues prevalent.4
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First, data storage and communication of this new type of
information is not yet standardized, hampering the dissemination of quality-control data alongside experimental data.
Second, the quality-control metrics are heterogeneous by
nature and can be generated by a variety of diﬀerent software
tools, each currently with their own content and deﬁnitions.
The qcML format was recently developed to address both
issues.4 It comprises an XML-based data standard and
associated controlled vocabularies (CVs) for storing various
types of performance metrics, along with applicable metadata
about the experiments. In addition, an equivalent relational
database structure, called qcDB, has been developed to
complement the XML-based ﬁle format. Bioinformatics tools
that support the qcML format are already under way. For
example, the freely available OpenMS software5 is able to
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Figure 1. Class diagram highlighting the key components of the jqcML object model for qcML version 0.0.8.

taken to provide a complete yet straightforward API to assist
other developers, making use of jqcML, as much as possible.
For example, when reading or writing qcML ﬁles, the content
of these ﬁles can automatically be validated against the XML
schema for the latest qcML version.

calculate a variety of quality control metrics and stores these in
XML-based qcML ﬁles.
Yet the success of any such standards rests in large part on
the existence of software libraries in popular programming
languages that allow easy read and write access to the standard
format. We therefore present jqcML, a fully operational,
production-grade Java application programming interface (API)
for working with qcML data. Written in Java, the jqcML API is
inherently platform-independent. Because the qcML standard
was only recently ﬁnalized, jqcML is the ﬁrst stand-alone
software library to work with qcML data. Nevertheless, jqcML
already supports the full capabilities of the qcML format. Built
to be used in demanding circumstances, jqcML provides a
complete object model to interpret and manipulate qcML data
while retaining a minimal memory footprint and without
sacriﬁcing the overall speed of data access. Furthermore, jqcML
is able to interact in a uniform and transparent way with both
the XML-based qcML ﬁles and the qcDB relational database.
This dual access enables the user to transparently work with
qcML data from both sources, without requiring any changes in
the data processing code.

Object Model

The data deﬁned by the qcML data format are represented by a
complete object model consisting of simple Java classes. It is of
note that the qcML data format is less complex than related
standard formats, such as mzML.6 The object model intends to
reﬂect this relative simplicity while at the same time providing
expressive access to the data. The information speciﬁed by the
qcML standard can be represented by the object model and
includes basic quality metrics as well as tabular attachments or
more complex attachments (such as binary strings). Figure 1
highlights the key components of the jqcML object model.
Data Processing

As previously mentioned, jqcML is capable of reading and
writing XML-based qcML ﬁles but also fully supports reading
from and writing to the qcDB relational database. The
interaction with both types of data sources is generalized
through common interfaces, allowing the underlying data
access implementation to be abstracted from the user. This
generalized object model thus allows the user to handle the
diﬀerent data sources in a uniform manner, making it trivial to
switch between several diﬀerent data sources. A simpliﬁed
schema of the workﬂow is shown in Figure 2.
Similar to other XML-based proteomics standards, the XMLbased qcML ﬁle structure is intended to exchange quality-

■

EXPERIMENTAL SECTION
The objective of jqcML is two-fold. First, it provides a complete
object model to represent qcML data. This object model is
accessible through an intuitive API. Second, jqcML provides
the ability to work in a uniform manner with qcML data from
several sources, such as the XML-based ﬁle format or the
relational database qcDB. However, a common focus for both
of these objectives is simplicity and ease of use. Care has been
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The XML-based ﬁle structure makes use of internal
references to cross-link various elements, for example, to link
an annotation parameter to the corresponding entry in a
controlled vocabulary. When only retrieving an individual
element, as explained previously, these references may initially
not refer to existing Java objects because only part of the qcML
ﬁle is read into main memory at once. However, the use of
xxIndex enables jqcML to resolve these references automatically as well. A complete object model is thus always accessible,
even when reading only a section of a qcML ﬁle.
Relational Database Structure. In addition to the XMLbased ﬁle format, the qcML speciﬁcation includes an entityrelationship model as a reference implementation of a qcDB
relational database to store qcML data. To interact with a
qcDB, the Java Persistence API (JPA)11 is used, and, in
particular, the EclipseLink JPA implementation.12 By analogy to
the way JAXB is used for interacting with XML-based qcML
ﬁles, JPA is used to interact with a relational database by
creating a mapping between the object model and the database
model.
By using JPA, the need for low-level operations, such as SQL
queries, can be avoided in the code. Instead of having to
manage the various tables in the database and other
technicalities, operations can be deﬁned on the level of the
object model. An additional advantage of deﬁning operations
on a higher level is that the user does not need to focus on
implementation details, such as adapting to the speciﬁc SQL
syntax of the chosen relational database engine.
Retrieving or storing of quality-control data in a qcDB is
implemented by executing the corresponding JPA persistence
methods, while more advanced queries can easily be performed
using the Java Persistence Query Language (JPQL).13
Equivalent to the JAXB access layer previously discussed, the
JPA implementation supports fragmented data retrieval of the
quality-control information based on an iterative procedure.
jqcML currently fully supports both the MySQL and SQLite
database engines. However, other relational database systems
can easily be included as well. The only requirement is the
availability of a suitable Java driver for the speciﬁc type of
database. When initializing a new system, it is even possible to
let jqcML create the required tables in the database.

Figure 2. Simpliﬁed representation of the jqcML architecture.
Through the use of the common QcMLReader and QcMLWriter
interfaces, jqcML is able to work with qcML data from several sources
in a uniform way.

control data between multiple users or organizations, while the
qcDB relational database will most likely be used within a single
organization to store large amounts of quality-control data over
time and to perform data retrieval and analysis operations
across extensive collections of qcML data. To ease the
translation of quality-control data from one format to the
other, jqcML also supports the easy conversion of data between
both representations. The key implementation aspects of
jqcML for the XML and relational database formats are
discussed next.
XML-Based File Format. To interact with the XML-based
qcML ﬁles, the Java Architecture for XML Binding (JAXB)7 is
used in the form of the EclipseLink MOXy implementation.8
The interaction between the object model and the XML-based
ﬁle format is handled through the mapping of the formal XML
schema deﬁnition of qcML to speciﬁc elements of the jqcML
object model. This mapping allows for an automatic translation
between the object model and the XML structure, which
enables both reading of qcML ﬁles into jqcML Java objects as
well as exporting jqcML objects to qcML ﬁles.
Because a qcML ﬁle can contain data from several diﬀerent
runs, it can, in principle, become arbitrarily large. When
working with such very large ﬁles, precautions should be taken
to guarantee that there is suﬃcient memory available to process
the ﬁle. Therefore, jqcML is designed to elegantly handle very
large qcML ﬁles while controlling the memory requirements.
For this purpose, jqcML exploits an XML indexer component,
xxIndex,9,10 that allows the qcML ﬁle to be accessed like an
indexed random access ﬁle. This fragmented data access
prevents the reading of the complete qcML ﬁle into memory,
allowing jqcML to read even very large qcML ﬁles while
retaining a minimal memory footprint. The XML indexer
approach also enables the user to retrieve only the data of a
single experiment as an iterative procedure, such that only a
subset of the full qcML ﬁle is kept in main memory at once.

■

CONCLUSIONS
Several standard data formats have been proposed by the
Human Proteome Organization’s Proteomics Standards Initiative (HUPO-PSI) and have been embraced by the
community, in no small part because they enable the uniform
sharing of data. For this purpose, the availability of productiongrade libraries to read and write these standard data formats is
crucial, and Java has proven to be a popular programming
language to maximize the usage of these tools. Examples
include the jmzML API14 for the mzML format,6 the jTraML
API15 for the TraML format,16 the jmzIdentML API17 and
jmzReader tool18 for the mzIdentML format,19 and the
jmzQuantML API20 for the mzQuantML format.21 Similarly,
jqcML ﬁlls this void for the qcML format.
jqcML presents a complete and easy-to-use Java API to
manipulate qcML data. As such, it will provide an invaluable
tool for the adoption of the qcML standard. Furthermore,
jqcML can prove to be useful for both producers and users of
qcML data. Producers can use jqcML to directly export their
data in compliance with the qcML format or convert between
their existing output results and the qcML format. Meanwhile,
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end users will have out-of-the-box access to qcML data, without
having to worry about implementation details. This universal
applicability is reinforced by the fact that as a pure Java API
jqcML is completely platform-independent.
jqcML is freely available and is released as open source under
the permissive Apache 2.0 license. The binaries, source code,
and documentation can be downloaded from the project Web
site at https://bitbucket.org/proteinspector/jqcml.
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