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ABSTRACT 

Complex biological samples, particularly in proteomics and metabolomics research, are often 

analysed using mass spectrometry paired with liquid chromatography or gas chromatography.  The 

chromatography stage adds a third dimension (retention time) to the usual two-dimensional mass 

spectrometer output (mass/charge, detected ion counts). Experimental results are often discovered 

by complex computational analysis, but it is not always possible to know if the data has been 

correctly interpreted. In order to perform quality control checks, it can often be helpful to verify the 

results by manually examining the raw data and it is typically easier to understand the data in a 

graphical, rather than numerical, form.  3D graphics hardware is present in most modern computers, 

but is rarely utilised by bioinformatics software, even when the data to be viewed is naturally three-

dimensional.  lcmsWorld is new software that uses graphics hardware to quickly and smoothly 

examine and compare LC-MS data.  A pre-processing step allows the software to subsequently access 

any area of the data instantly, at multiple levels of detail.  The data can then be freely navigated, 

while the software automatically selects, loads, and displays the most appropriate detail.  lcmsWorld 

is open-source; releases, source code and example data files are available via 

https://github.com/PGB-LIV/lcmsWorld. 

INTRODUCTION  

Mass-Spectrometry (MS) is a widely-used analytical technique, particularly for large-scale 

interrogation of biological samples, for example in proteomics and metabolomics. For complex 

samples, MS is usually combined with “online” separation, typically liquid chromatography (LC; 

proteomics or metabolomics), or gas chromatography (GC; metabolomics), which simplifies the 

complexity of different molecules reaching the mass spectrometer at the same time point, and thus 

allowing greater resolution of molecules of similar mass. In the case of proteomics, the typical 

workflow involves proteins being first digested into peptides, prior to analysis by LC-MS/MS i.e. two 

stages of mass spectrometry. Most commonly, the MS1 scan gives the intensity (ion counts) and 

mass/charge (m/z) of intact peptides; the MS2 scan gives the intensity and peptide fragmentation 

products, following either selected or all peptides being subjected to a fragmentation process, which 

are used to identify peptides. In metabolomics, the mass and intensity of ionised small molecules (and 

adduct forms; small molecules with the artefactual addition or loss of extra chemical groups) are 

usually detected in the MS1 stage. In some metabolomics workflows, fragmentation of molecules is 

also performed, with detection of fragmentation products in the MS2 scan. 

Proteomics and metabolomics are both generally quantitative techniques, for example being used to 

detect how a peptide (and thus the parent protein from which it was derived) or a small molecule 

changes in abundance across different samples. In metabolomics, multiplexing is generally not 
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performed and one MS run thus equates to analysis of one sample. In proteomics, both multiplexed 

and non-multiplexed (label-free) protocols are common. In the case of multiplexed methods, the 

quantitative signal is sometimes derived from the MS1 scans, for example in metabolic labelling 

approaches e.g. SILAC (1), and sometimes from MS2 scans, for example where peptides have been 

labelled with reporter ions that are only “revealed” after fragmentation e.g. iTRAQ (2)/TMT (3). 

For data generated from both online LC and GC separations, molecules are ionised and detected by 

the mass spectrometer at a particular time point, with the instrument scanning at regular time 

intervals e.g. approximately once per second. It is common for more abundant molecules to be 

detected in many scans, with an apex of signal intensity around the middle time point at which they 

can be detected. For quantitative approaches that rely upon MS1 signals, the data are thus at least 

three dimensional – “retention time” (as the molecule elutes from the column), m/z and intensity. In 

the m/z dimension, the peak width is governed by the instrument’s resolving power (full width at half 

maximum; FWHM). However, the m/z axis is also important for the detection and quantification of 

isotopomers (sequential peaks with 1 Thomson width spacing) formed from naturally occurring C13 and 

N15 in a proportion of a given molecule’s sample. Almost all modern computing devices contain 

hardware for the specific purpose of three-dimensional rendering, yet data visualisation software 

which makes use of this hardware is not commonplace in proteomics and metabolomics, and it is more 

common for MS scientists to visualise data in only two dimensions.  

Quality Control and Visualisation  

There exist many different workflows and software packages for the processing of MS data (4). While 

the goal of such workflows is often to identify areas of interest within the data, there is typically a set 

of inferences made in order to reach any conclusion.  For example, a proteomics workflow (using MS1 

data for quantification) may consist of feature detection, alignment of MS runs in the time 

dimension, peptide identification. However, due to biological and technical variations, each stage in 

the workflow may introduce errors, and some methods of quality control (QC) should be employed 

before any results can be relied upon to be accurate. While there are a variety of software packages 

that can produce QC metrics, it may also be useful for an MS scientist to look at the raw data. 

Example tasks include: i) after full data set has been collected an analyst may wish to determine if 

assumed “final” results are sound or if certain anomalous values can easily be explained or ii) as each 

data set is collected, a scientist may wish to check for problems in the data collection before 

proceeding with the MS analysis. A common problem encountered in proteomics and metabolomics 

results from co-eluting molecules that have similar m/z values, but may have different charge states 

or subtly different retention time profiles (Figure 1A). Such data can sometimes cause problems for 

feature detection, but can often be easily determined by an experienced analyst. A second frequent 

problem occurs when chromatography performance or conditions change between runs, which 

requires similar regions time vs m/z area to be visualised side-by-side,  (Figure 1B). 



 

Figure 1. Various QC checks with lcmsWorld; (A) overlapping features from multiple charge states, (B) features across 
multiple sample files.(C) filtering by protein identifier, (D) viewing data of selected identification. 

 

Existing software for MS visualisation 

Common analysis software packages often do allow the raw LC-MS data to be viewed, but this may 

be limited to a single spectrum at a time, which is of limited use for inspection, or to only show small 

amounts of data in a static view. There are, however, currently a number of pieces of software 

specifically aimed at viewing LC-MS data, which allow the user to view and navigate the contents of 

an entire LC-MS file graphically, such as TOPPView (5)(from OpenMS (6) ), MZmine2 (7), and 

BATMASS (8), which are all freely available to download. 

TOPPView allows users to load LC-MS data from an mzML file (standard file format from the 

Proteomics Standards Initiative (9)) and view in one dimension (by choosing individual spectra), in 

two dimensions with a colour map, or in three dimensions with coloured bars representing signal 

intensity. In all three views, the user can zoom into the data using a mouse, and in the three-

dimensional view, the image can also rotate the data around the centre of the screen.  However, 

changing the viewpoint involves zooming out, then in, to a different portion of the screen; the 

automatic changes in the sizing of the intensity bars can make it difficult to follow this navigation, 

and it is often necessary to manually rescale the view so that the data can be seen in any detail. 

Identifications (e.g., the peptides reported by downstream analysis) can be loaded from OpenMS-

format .idXML files. 

MZmine2, similarly, can load from mzML files, as well as data files from Thermo, Waters, and Agilent, 

which avoids the need to convert those files to mzML. It also allows the user to choose from a two-

dimensional or three-dimensional view and requires that the user enters the range of the data that 

they wish to visualise.  In order to view in three dimensions, the user must also choose a ‘resolution’ 

– i.e., a number of points to reduce the data to, in order to create an image.  The data can then be 

viewed as a smooth three-dimensional map (unlike the discrete bars of TOPPView, which do not 

interpolate over the retention time axis), which can be zoomed, rotated and panned.  However, it is 

not possible to see the exact data points and viewing in any higher detail requires closing the view 



and revisiting the dialog boxes, which makes repeated close-up examination of data points 

cumbersome. 

While BATMASS does not support three dimensional visualisation, it is capable of loading .mzML files 

to give a two dimensional map view, which can be navigated by zooming in or out, and by selecting 

an area of interest to display in more detail. BATMASS also supports loading multiple files so that 

they can be viewed adjacently, which is particularly useful for displaying fragmentation spectra.  

BATMASS also interpolates data over the retention time axis, making the patterns of isotopes easier 

to see, and shows data at the reported m/z, whereas both TOPPView and MZmine2 display at most 

0.01 intervals.  However, the requirement that the entire files are loaded into RAM concurrently 

make it difficult to use with large files (configuration files need to be edited to allow BATMASS to use 

more than the default 4GB of RAM).  BATMASS is also able to load feature and identification 

information in a number of different formats, including pepXML (10), but not the PSI standard 

mzIdentML for peptide identification data (11) (12). 

Our aim in the development of lcmsWorld was to create a piece of software that uses modern 

graphics acceleration techniques for viewing LC-MS raw data files in 3D, navigating smoothly at any 

level of detail, and supporting both vendor raw files and PSI standards. 

 

MATERIALS AND METHODS 

lcmsWorld has been written in C++ and is available as a small (<5MB) download for Windows 

personal computers, as well as open-source code that can be built on Windows, Linux, and 

Macintosh computers.  lcmsWorld allows the user to view the contents of an entire raw data file 

(currently supporting mzML files or Thermo “.raw” format), or even multiple files, and to smoothly 

move around the whole RT and m/z ranges and seamlessly view any required data in more detail 

simply by zooming in with mouse, touch screen, or keyboard controls. 

In order to load Thermo .raw files directly, a section of lcmsWorld was written in C# as a standalone 

.NET application using Thermo’s RawFileReader (13) dynamic libraries.   

 

RESULTS 

lcmsWorld is available for PC as a single file download from github (14); it does not need to be 

installed and the optional installation process does not need Administrator access.  It has been 

written in C++ for high-performance and efficient memory usage. It is not dependant on any other 

software systems, libraries, or virtual machines to be installed, other than an OpenGL 3 compatible 

graphics driver - which have been in common use in personal computers since 2008.  In order to load 

Thermo .raw files, a plugin is required which uses Thermo’s RawFileReader dynamic library files; this 

plugin and library files are all included within the github release. Most versions of Windows will 

already have the required .NET framework to use this plugin, although Mac OS and Linux may require 

the Mono framework (15) to be installed. 

Unlike other LC-MS visualisation software, lcmsWorld does not require that the entire data file is 

loaded from disk into memory, which means that even large data files can be viewed on relatively 

modest laptops or workstations.  LC-MS data file formats, such as mzML and Thermo's .raw files, 

typically store each entire scan consecutively, which does not allow for efficient viewing of portions 

of the file.  Therefore, lcmsWorld automatically converts such files into a custom format (named 



.lcms) when they are first loaded by loading and parsing the data in portions, and re-storing the data 

on the drive at different levels of detail.  This data conversion takes a small amount of time for the 

first conversion, but efforts have been made to make this as efficient as possible. 

For comparison, a large 6 gigabyte (GB) LC-MS data file can be viewed using lcmsWorld with less than 

2GB of RAM, whereas to view the same file as a 2D or 3D map with other LC-MS visualisation 

software (BATMASS, MZmine, TOPPView) requires 9-24GB of RAM, and may require configuration 

changes to support this. It is not very common that portable computers, and even workstations, 

support such large amounts of RAM, and this is more problematic with larger datasets or multiple 

files viewed simultaneously.  

To give more detail of this conversion process; a portion of the file is loaded, then this portion is split 

into several sections.  For each section, a three-dimensional image is created by amalgamating the 

data within that section. The section is further split into subsections, which is repeated recursively, 

until each subsection is small enough to be displayed as individual data points.  Each of the created 

three-dimensional images is saved to disk in a proprietary format, for fast access in the future. Once 

a portion of data has been processed, and the images stored, it can then be removed from memory 

before the next portion is loaded (Figure 2). 

 

Figure 2. A Representation of the process of loading and splitting the data into sections (A) Only a section of the whole file is 
loaded. (B) A subsection is selected and processed, (C) The data is recursively split into subsections, (D) The process ends 
when a subsection is small enough to display in its entirety. 

When the data is viewed, a number of these three-dimensional images are loaded which cover the 

current viewing window.  As the view changes, new data is background-loaded and the display 

smoothly switches to use the more detailed data.  As the display is either showing a large amount of 

data at low detail, or a smaller amount of data at higher detail, then the amount of data needed 

concurrently can be limited to a constant amount (linked to the size of the display). With lcmsWorld, 

1gb-4gb of RAM is sufficient for viewing even much larger data files, which make it suitable for most 

current personal computers. 

The example 6GB mzML data file, comprising approximately 500 million m/z and intensity pairs, can 

be loaded and converted in less than 3 minutes on a typical workstation (for comparison, simply 

copying the file on the disk the was over 1 minute on the same workstation). Once the file is 

converted, it is almost instantaneous to view on subsequent use - both the application startup time 

and the time to load the file and view the data are in the region of one second.  When restarting 

lcmsWorld, the user can press a single key (F5) to resume with the data view that they last used, in 

around one second. 

In order to view specifically identified areas of data, lcmsWorld can load in identification / annotation 

files. These are currently in text, .csv, and the PSI-standard mzIdentml formats  - examples of these 

file formats are provided at http://pgb.liv.ac.uk/lcmsWorld/testfiles. 

These annotations can be filtered, with a pattern matching either the name or the given accession 



name (Figure 1C). These filtered annotations can then be highlighted (with a marker and name on 

the display) or selected to zoom directly to the selected annotation (Figure 1D). In this way, a group 

of identifications (such as all peptides for a protein of interest) can be highlighted, and each can very 

quickly be viewed in high detail. 

Multiple files can be viewed simultaneously simply by enabling the ‘share camera controls’ option, 

starting another instance of lcmsWorld, and loading the data file to compare in the new instance.  In 

this way, the number of simultaneous views is limited by the performance of the workstation and 

display, rather than any arbitrary software limitation.  While lcmsWorld does not perform any 

alignment across the multiple files, the user can adjust the view in each display individually as well as 

all displays simultaneously in order to view with whatever alignment they decide. 

lcmsWorld allows the user to smoothly rotate, pan, and zoom the display across the entire data file 

with the mouse, keyboard or touchscreen.  Navigating around the data is not possible in the same 

way with any of the other software; they either require zooming out in discrete steps, and re-

zooming into a different area (BATMASS, TOPPView), or re-creating the 3D display via dialog boxes 

(MZmine2). 

While it is difficult to objectify, we think that viewing data is much more intuitive with an 

interpolated 3D visualisation (Figure 3), particularly when viewing the data in high detail. 

 

Figure 3. View comparison of the same peptide feature in (A) lcmsWorld, (B) BATMASS, (C) TOPPView, (D) MZMine2. Each is 
rotated to show m/z as increasing left to right. A,D show the retention time as increasing top to bottom; B,C as decreasing 
top to bottom. 

     

CONCLUSIONS AND FUTURE PERSPECTIVES 



We believe that lcmsWorld provides the most usable method available for viewing large amounts of 

data, particularly across multiple LC-MS files.  The fast startup time and smooth navigation make it 

easy to quickly visualise multiple regions of data. 

We expect that future revisions will provide support for more file formats.  lcmsWorld currently has 

the capability to stream data directly from a webserver, meaning that users can view entire data 

files, or go directly to examining particular identifications without needing to download the entire 

dataset first.  This feature requires that the data has been pre-processed on the server, and we 

intend to look for future collaborations with partners that already hold data sets which will be of 

interest to the community. 

 

ACCESSIBILITY AND OTHER TOOLS 

lcmsWorld is free open-source software, licensed under the GNU General Public License V3.   

The software including source code, Windows releases, example data files, and libraries for reading 

Thermo .raw files, is all available via github at https://github.com/PGB-LIV/lcmsWorld 
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