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The architecture and acceleration of protein identification search

engine

Leheng Wang (Computer Application Technology)
Supervised By Si-Min He

Tandem mass spectrometry (MS/MS) has become one of the most popular
analytical techniques for protein identification in proteomics. Protein database
searching is an important tool for tandem mass spectra identification. In our earlier
work, we have developed the software pFind, which is employed as a platform in this
paper. How to implement efficient and flexible software of pFind search engine
becomes the key issue. To address this problem, the system analysis of protein
sequence database search has been carried out. A framework in which every module
accords to the object-oriented design patterns is built. Furthermore, a lot of modern
software engineering practices, such as version control, bug management, pair
programming are introduced to develop, test and release more than 100,000 lines of
codes.

The efficiency of a protein identification search engine has become a bottleneck
in high-throughput proteomics. As the computational demand increases, parallel
computing has become an important technique for accelerating proteomic data
analysis. To address the speedup problem, we develop a model to estimate running
time. Based on this model, two effective load balancing methods, on-line scheduling
and off-line scheduling, are developed. An experiment on a public dataset from
PhosphoPep consisting of 100 RAW files of phosphopeptides showed that the
speedup on 100 processors is about 83. The parallel version of pFind can complete the
identification task within 9 minutes, while a stand-alone process on a single PC takes
more than 10 hours. On another bigger dataset consisting of 1,366,471 tandem mass
spectra, the speedup on 320 processors was about 258 and the parallization efficiency
was greater than 80%.

A lot of practical software tools, pFind Studio, have been developed. This
software package provides a full supporting for proteomics. It has become a research
and development platform of new algorithms.

Keywords: Proteomics; Protein Identification; Design Pattern; Software Engineering; Parallel
Computing
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