[bookmark: _GoBack]phpMs: A PHP-based mass spectrometry utilities library

Andrew Collins1,*, Andrew R Jones1
1Department of Functional and Comparative Genomics, Institute of Integrated Biology, University of Liverpool, Liverpool, United Kingdom
*To whom correspondence should be addressed. Email: acollins@liv.ac.uk
Present Address: Department of Functional and Comparative Genomics, Institute of Integrative Biology, University of Liverpool, Biosciences building, Crown Street, Liverpool, L69 7ZB, United Kingdom
Keywords
phpMs, PHP, proteomics, library, bioinformatics, software, mass spectrometry
Abstract
The recent establishment of cloud computing, high throughput networking, and more versatile web standards and browsers has led to a renewed interest in web-based applications. While traditionally big data has been the domain of optimised desktop and server applications, it is now possible to store vast amounts of data and perform the necessary calculations offsite in cloud storage and computing providers, with the results visualised in a high-quality cross-platform interface via a web browser. There are number of emerging platforms for cloud based mass spectrometry data analysis, however, there is limited pre-existing code accessible to web developers, especially for those that are constrained to a shared hosting environment where Java and C applications are often forbidden from use by the hosting provider.
To remedy this, we provide an open source mass spectrometry library for one of the most commonly used web development languages, PHP. Our new library, phpMs, provides objects for storing and manipulating spectra and identification data as well as utilities for file reading, file writing, calculations, peptide fragmentation and protein digestion, as well as a software interface for controlling search engines. We provide a working demonstration of some of the capabilities at http://pgb.liv.ac.uk/phpMs.

Introduction
Proteomics is a dynamic field, with complex and fast changing requirements for bioinformatics analysis. In tandem with the evolution of bioinformatics approaches, has been the development of data standards, driven by the Proteomics Standards Initiative (PSI). Relevant PSI standards include mzML for raw and processed mass spectrometry (MS) data1, mzIdentML for peptide and protein identification results2 and mzTab for a simple summary of quantitative (and identification) data amongst others3. Two new PSI formats have also recently been developed for proteogenomics (the use of proteomic data for genome annotation), proBed and proBAM, extending popular genomics formats, for displaying peptides aligned onto chromosomes4. Bioinformatics tools for proteomics are written in a range of programming languages, including Java, C++, Python, R, Perl and so forth. In several cases, groups have created application programming interfaces (APIs) to make it easier for developers to incorporate support for data standards in their tools including Java APIs: jmzML5, jmzIdentML6, jmzTab7 and in python: pymzML. Beyond APIs purely for data standards, informatics groups have created libraries containing analysis routines for processing data and constructing pipelines, including the Trans Proteomics Pipeline8, OpenMS9, mzidLib10, ProteoWizard11 and Pyteomics12. Most of these libraries have been used within applications on the desktop or in some cases running as command-line applications on the cloud. Within the cloud environment, tools such as Galaxy13 are proving popular for creating web-based pipeline executors with basic interfaces. Deployment of pipelines on cloud-based architectures is increasingly being performed via the use of Containers (wrappers that include all executables and dependencies), such as Docker (https://www.docker.com/). Various other web-based software suites also offer some proteomics-related utilities, including Protein Prospector14 and ExPASy (https://www.expasy.org/proteomics). 
While there is a wide range of APIs for data standards, and libraries to assist developers or proteome scientists to construct analysis workflows, we believe that there is a current lack of appropriate tools for web developers wishing to build prototypes or rapidly construct browser-enabled applications for proteomics. Cloud-based technologies such as Galaxy and/or Docker are highly effective for executing command-line applications, but do not easily assist the development of web-based data visualisation or prototyping. PHP Hypertext Pre-processor (PHP) is one of the most commonly used languages for developing web applications with many high profile, and consequently high throughput, users such as Facebook, Wikipedia, Tumblr and many more. Its popularity, owed to its extensive native library, ease of use, and supportive community, has ensured it can be expected to be available on most managed shared web hosting services.
While most languages can be utilised for web development, including higher level languages like C/C++, these are generally not available in shared hosting environments, due to the difficulty and cost of managing these types of applications, thus use of these types of languages are often restricted to virtual private server/cloud based environments where more control is available at higher cost. This unfortunately leaves many bioinformatics software unable to use managed shared hosts that limit their users to the commonly deployed LAMP (Linux, Apache, MySQL and PHP) stack.
For writing new web applications, PHP is one of the simplest languages to write, since it has a simple C-like syntax, an extensive native library, and allows in-line blocks of pure HTML to be inserted straightforwardly. For these reasons, PHP is often seen as a highly suited language for rapid prototyping of new ideas. To our knowledge, no other group has developed a PHP-based library for assisting proteomics data analysis. While complex statistical processing is not ideally suited to working in PHP due to a lack of native libraries for advanced data modelling, PHP is perfectly well suited for file manipulations, web-based visualisation and simpler mathematical or text-based tasks. As a result, we have created phpMs, as a new library to assist in the rapid development of web-based tools and data visualisations. Given that our group has already developed a Java-based library for MS data manipulation10, phpMs is not intended for re-implementing complex algorithms for data processing. Instead, we intend that it will be preferred over the more complex Java libraries for bioinformaticians, including those without formal software engineering training, wishing to develop new web-based tools and utilities.
In phpMs, we have incorporated support for mzIdentML processing and visualisation, and MGF format for MS peak lists. We have added routines for performing in silico enzymatic digestion of protein sequences within FASTA files, for simulating peptide fragmentation, and a basic interfaces for calling open source search engines, such as MS-GF+15. The library also contains a variety of other common utilities for manipulating proteomics identification data. To demonstrate the potential utility of the library, we have deployed several tools on an open access server, accessible from http://pgb.liv.ac.uk/phpMs. All code within phpMs is open source (https://github.com/PGB-LIV/php-ms) and released under the permissive Apache2 licence. 

Materials and Methods
phpMs has been written in the PHP scripting language, and developed to be compatible with instances running PHP 5.4 or later. The library can be used on any platform on which PHP is available, currently Windows, Linux or Mac. Specifically, with regards to Linux, PHP is generally widely available via a package manager (such as yum or apt-get) on all major Linux distributions where similar languages such as Perl or Python might be found. The library itself does not require a web server environment and can be used purely in command line interface (CLI) applications if required. However, the library can be fully utilisable by a web application if preferred as per the phpMs Demo Suite.
The demo suite that is also provided has been built to run on any PHP (5.4 or later) enabled web server such as the commonly available Apache HTTP Server or Microsoft IIS. While PHP 5.4 has been opted for due to it being one of the most widely distributed versions of PHP, this version does lack the recent PHP 7.0 additions of scalar type declarations. However, despite this the code base has been written defensively to require that developers ensure the correct data types are passed to methods. This provides a benefit to developers in two ways; firstly, it reduces the performance overhead of having data in the wrong type (e.g. integer as string) since PHP will auto-cast if possible on each operation, and secondly it also prevents accidental input that can generate valid output without error.

Results
phpMs provides various classes that can be integrated by a developer into their project. The general core of phpMs provides necessary objects that allow for the storage and manipulation of data, such as identification based objects including peptides and proteins, or spectra based objects such as precursor and fragment ions.
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Figure 1: The available tools within phpMs and possible workflow. Note, in addition to the existing file writers, output can be directly written as text or HTML.
The core has been written to encourage good practice by enforcing strict data typing reducing the potential for memory usage concerns and processing inefficiencies due to mistyped data, a critical concern when building highly responsive web applications. Further the core has been kept simple, yet flexible, allowing for an application developer to easily extend the provided classes should they need to in their own classes with their own methods and fields.
The following sections describe classes provided that allow for the manipulation or analysis of data stored within the core, such as the import and export of data, or the calculation of properties on peptides and protein objects.
File Formats
phpMs can import data into its core objects from a number of common file formats used in proteomic identification workflows. With regards to peak lists i.e. precursor and fragmentation data, phpMs is capable of parsing Mascot Generic Format (MGF) data. Sequence data can be parsed directly from FASTA files, by default phpMs will automatically recognise the type of FASTA file and extract UniProt/KB meta-data in relation to each protein within the file. The PSI is currently working on an extension to the FASTA format, called PEFF (PSI Extended Fasta Format, https://github.com/HUPO-PSI/PEFF). PEFF adds machine readable meta-data to the headers for records within a FASTA file for modifications that have been observed on proteins, as well as sequence variants. In theory, this will allow future search engines to search for known modifications and variants automatically. To assist in the finalisation of the PEFF standard, we have added a PEFF reader to phpMs, which is able to process the extra data present within each FASTA record.
Further, phpMs can extract identification data from the mzIdentML format, including support for the recently released mzIdentML 1.2 update16. Our mzIdentML reader is able to extract meta-data from the protocol in the file and peptide and protein identification scores or statistics. We reduce the complexity of working with mzIdentML data in phpMs by not requiring the developer to directly interact with API calls to parts of the mzIdentML file, instead our parser handles the reading of the file and the extraction of data into the phpMs core objects, from there the developer is able to interact with any data that was able to be pulled into the core. The advantage of this is it allows phpMs, and consequently the developers who uses the library, to seamlessly support multiple identification formats in the future. A developer would thus only have to focus on working with the data content, regardless of the format, rather than how to extract the data from each format.
Finally, phpMs is also capable of writing MGF, generic FASTA and PEFF formatted files. We have added support for conversion of mzIdentML files containing proteogenomics data (i.e. chromosomal locations) into proBed 1.0 format, available in the core library and in the demo suite. The proBed files can be uploaded onto genome browsers, such as Ensembl17 or the UCSC browser18 for data visualisation. The tool can convert a 100MB mzIdentML to proBed in < 30 seconds running on a standard server, demonstrating the speed with which PHP code is able to run.
Digestion
Support is available for trypsin and a further 20 other enzymes as documented from the HUPO-PSI’s controlled vocabulary PSI-MS19. For each enzyme, it is possible to instruct phpMs to perform n-terminal methionine excision and to account for a user-provided number of missed cleavage occurrences. In addition to the existing enzymes, a generic regular expression class is also provided, further allowing for any currently unsupported enzymes to be trivially added if the digestion rule can be expressed as a Perl-compatible regular expression. The code within phpMs could thus be used by another developer wishing to perform on-the-fly in silico digestion of protein sequences into peptides (e.g. paired with the FASTA reader), and render the results to HTML for web presentation.
Fragmentation
phpMs can generate b, y, c, z, a and x fragmentation ions from both an unmodified and modified sequence. Further through the use of a factory class it is possible to automatically generate the correct fragmentation ions for a particular fragmentation mode such as ETD or CID. Neutral losses such as ammonia or water loss are by default not automatically generated, however, these can be generated by specifying a modification.
Filtering
Generally, it is expected that users will want to reduce the amount of data they analyse and visualise such as limiting by the length, charge, retention time, or mass of a peptide or spectra. These types of filters are natively supported and developed to process either individual records or to process large arrays of data. As per other areas of the phpMs library, interfaces and abstract classes are available to allow for downstream developers to extend the filtering capabilities to fit their own requirements.
Search Engines
A simple proof of concept for search engines has been included in the 1.0 release. Currently an API has been built that will allow for programmatically sending search requests, and retrieving results from search engines. Currently only Mascot and MS-GF+ are natively supported by the library. The demo suite includes an MS-GF+ tool that allows for the running of simplified searches (to reduce load on the demo server) that will be visualised in the demo suite’s mzIdentML viewer once the search is complete. This library and demo can easily be extended to support more tools and more complex data files allowing for a purely web based interface to what are traditionally CLI tools.

Conclusion & Future Perspectives
We anticipate that the new library will support or enhance the development of new web based analytical and visualisation platforms. Since the library provides many functionalities out of the box such as supporting standard formats, filtering, and calculations, it will reduce the workload for a future project allowing the team responsible to focus purely on developing the specifics of their application rather than infrastructure.
While this library is still under active development, it is expected that as it matures, and the needs of downstream developers become more apparent, future revisions will be produced with more tools. phpMs will be continuously developed to support features such as additional common file formats, new calculations and third-party tool integrations. In the immediate future, we plan to support additional file formats to further make phpMs accessible to a wider number of users, for example including enhanced support for new PSI formats proBed / proBAM and PEFF. Given that working with XML formats can be challenging for some developers, we will also prioritise improving the range of supported routines for mzIdentML and mzML.
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Figure 2: Examples of the visualisations produced by the phpMs Demo suite: A) protein sequence coverage view from an mzIdentML and FASTA formatted input; B) annotation of fragment ions identified from mzIdentML and MGF input; C) results rendered from an MS-GF+ search, and D) FASTA Viewer. 
Accessibility & Other Tools
phpMs 1.0 is now available directly from source or as a Composer project distributed by Packagist. phpMs is compatible with any PHP instance running PHP 5.4 or later. A web server is not necessary for CLI applications, however, for any web based project a PHP enabled web server must be used (e.g. Apache HTTP Server or Microsoft IIS). phpMs source can be downloaded directly from GitHub (https://github.com/PGB-LIV/php-ms) or installed from Packagist (https://packagist.org/packages/pgb-liv/php-ms). The GitHub URL contain links to an API reference document (http://pgb.liv.ac.uk/ci/phpMs/doc) to assist developers with the libraries usage. Additionally, a web based live demonstration of phpMs capabilities can be accessed at: http://pgb.liv.ac.uk/phpMs. The source code for the demo suite is also available on GitHub (https://github.com/PGB-LIV/php-ms-example).
phpMs development is to be continued and supported, and to assist with providing support to potential issues, an issue tracker is available at: https://github.com/PGB-LIV/php-ms/issues.
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TR THNKS FNE DY L DR YE LA TRD S ARRLKHY Y SQF TR FSLDE SNQTHRY T SQHEE TDTSLFFFNVINAGVVERHSIIG.
Y PSTCGKRTADT MV TSN TNHY SQMEGE =Y T2 AVKL ¥ =S FGNS S22 TLTTLDSUVNDKF FDDIQSLIZSNGEA.

SpIP38720/6PGD1_YEAST 6PGD1_YEAST  6-phosphogluconate dehydrogenase, decarboxylating 1 GND1 1

MSADECLTLAVHCQNL TLNAA DG TVCAYNRTQSKVDHF LANE AKGK S TIGATS TEDF TSKLKRPRKVMLLVKAGARY
DALINQIVPLLEKGDI T IDGGNSHE PDSNRRYE S KKK G L EVGSGUSCOEECARY GRS IMPGGSEEARPHIKNIEQS TS
AR DGEBCCE VG PAGAGHYVRMVENG T2 Y CDMGL I CEAY DIMK AL GGF TORE ISDVEARWNNGVL DS FLVE TTRDILKE
DDV DGKPLVE K IMDTAGGK T GRTA TNAL DL GMEVTL I GEAVFARCL SATKNER T RASKVL BGPEVERDAVKDREQEVD
DS QALYASKI1SYAQGEMLIRE ARATYGHKLNNPAT ALMARGCC T IRSVELGQI TKAYREE POLENLLENKE FADAVTK.
A GRS TALATTYGTPTPAR STALSFYDGYRSE AL PANLLQAQRDY FGART FRVL PECASDNL BVDRDIHINHTGHGS
NUSSSTYQR

SPIQ02895(AAD16_YEAST AAD16_YEAST  Putative aryk-alcohol dehydrogenase AAD16 AAD16 1

ML Q VR LGNS LT SR TV TGOS YG S KKWADHY T D TQT FKTHKHCYDRCLRTFDTADF YSNCLSERTREFLEYYS.
TRRETVVTMTRIYFPVDE TL DL HNF TLNE FEE DL SNQRCL SRR T TAGVENSVRLETY TDLLQTHRLDHETRMKE T,
ROV VS AGHVRY TGAS ML A TS FA S LQF TADKY GHE G TS SQSYYNL L YRS DEREL T PFARR NI CLL PMS BNARGHL.
TRP LGS TORTRSDPTFR S LA N S22 QK T TNAVEKVSKDRKVSMAML S TAVLHK GCHP TVGTNTTARVDEATARLQ
VILTEEEIKYLEEPYKRQRQRC

SpIP32357AAR2_YEAST AAR2YEAST A1 cistron-splicing factor AR AARZ 1

NN TVPETSAPIEVTICIDQYS FVKENQPFHG KD PGHVEV THF QHADNS SHRYCYHF DCRMGNF Y IQYDPRDGLYR
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