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Methods
Overview
• The next generation proteomics
instrumentation and analysis workflows call
for a data format that facilitates analysis,
maintenance, integration and exchange of
both experimental and processed data.
• Recognizing the inefficiencies of the XML
based formats, the proteomics community
has entertained alternate strategies for data
exchange, e.g., using a common
application programming interface or a
database-derived format.

Performance Measures
Conclusions

• Using SQLite, a relational database is created that facilitates large data management and
supports efficient retrieval of spectra.

(binary)

• Spectra are compressed and stored as binary large objects (blobs) within the database
tables [1].

(SQLite)

• Fast decompression algorithms facilitate retrieval of extracted ion chromatograms from the
spectra in addition to supporting range queries. The compression / decompression time is
less than the disk I/O time, resulting in a net savings in data access times.

• The ability of our file format to represent
multi-dimensional experimental
configurations, such as ion mobility
separations, makes it a good candidate for
future generation mass spectrometry
systems.

• Additional tables can be created that store deisotoped results, clusters of deisotoped
features as well as details of peptide identification and roll up to proteins. These extensions
do not create any compatibility problems, another advantage of using a relational schema.

• Additional information about deisotoped
features, clusters of features and peptides
or proteins identified can be incorporated
via new tables.

• The ever increasing numbers of spectra
produced from instruments call for a
change in our existing data formats (XML
scales poorly) and data management
procedures.

Figure 2. File size comparison for different data file formats. The YAFMS (SQLite) file sizes are
comparable to the .RAW data formats and always significantly smaller than the mzXML and mzML data
files (as much as 25-30% samples with dense spectra and more than 50% in cases of sparse spectral
density). The NetCDF files were created using XCalibur 2.1.0 as distributed by Thermo.

Introduction
• XML formats are significantly redundant because of
the tag based nature.
• Spectra are non-readable, and data processing
pushes the current limits of both software and
hardware.

Table 1. Data access rate comparison for different file formats

• Our approach is to create an over-arching data
format based on standard database principles that
offers multiple benefits over existing formats in
terms of storage size, ease of processing, data
retrieval times and extensibility.
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Figure 1. The Dataset_info table stores experimental setup details, the instrument used and other
metadata. The Spectra_Info table stores sparse information related to spectra that are not stored as
columns under the Spectra_Data table. The Spectra_Data table stores the mass/charge ratios and
intensities as two identical length binary large objects (blobs) in the database, in conjunction with the
total ion count, base peak intensity, base peak mass/charge, precursor mass/charge, scan time etc.
The red line indicates the link between Spectra_Info and Spectra_Data table. The blue dot alongside a
column indicates database indexes built on those columns for fast retrieval.

Scans

YAFMS (ms)

• Such a file format should add high value to
raw data repositories and archives as it
saves significant amounts of disk space.
• Software downloads from
http://omics.pnl.gov/software/YAFMS.php
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• Data compression techniques are applied to make
file sizes more manageable for routine operations
with little success.

• The format, termed YAFMS for “yet another format
for mass spectrometry,” also accommodates for
updates from multiple analysis tools and can easily
be extended for multi-dimensional separation
systems.

• We have presented and have in use a
novel file format based on the principles of
relational database management systems
that affords multiple improvements over
existing formats.
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A – Read times for five different datasets were calculated using the average of one-thousand randomly
generated scan numbers and m/z ranges to the nearest microsecond using high resolution timing calls.
B – Spectra density is calculated by dividing the total file size by the total number of scans. The average
spectra density shows that C and D are highly complex samples.
C, D, E – The Decon2LS [2] application was used to read all data formats. Decon2LS uses the RAMP
mzXML parser to read mzXML files, ThermoFinnigan’s proprietary libraries for .RAW files and our
custom dynamic link library to read YAFMS files.
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