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ABSTRACT 
 

Tandem mass spectrometry (MS/MS) is a popular technology for 
identifying metabolites, which are small molecules involved in 
metabolism. Coupled with liquid chromatography (LC), LC-
MS/MS instruments first separate, ionize, and fragment 
metabolites, then measure mass-to-charge ratios (m/z) and 
intensities of metabolite fragments. Understanding metabolite 
fragmentation is crucial to develop computational tools for 
identifying metabolites based on this spectroscopic data.  
 
Metabolite fragmentation patterns have large variations making 
it especially difficult for computer scientists to design and 
implement metabolite identification approaches. To address this 
interdisciplinary challenge, this article presents FragView, a 
web-based application providing the web service for visualizing 
metabolite fragmentation. Developing FragView is an 
opportunity for exposing student participants to this 
interdisciplinary bioinformatics project. This paper summarizes 
the experience of training student participants in bootcamps and 
designing the implementation plan based on student 
backgrounds. Students were exposed to project meeting 
discussions on coding and raw data visualization and visited a lab 
with an LC-MS/MS instrument.  
 
FragView provides rich features for metabolite fragmentation 
visualization. It accepts metabolite structures with two of the 
most popular chemical notation formats: SMILES and InChI. 
Metabolites’ 2D and 3D structures are visualized in two panels 

separately. Each fragmentation step refers to breaking one or 
more chemical bonds. Users can break bonds to produce 
metabolite fragments by erasing the bonds of the 2D structures. 
FragView uses a fragmentation tree to organize the original 
metabolite and its fragments. The tree root is the original 
metabolite, while the other tree nodes are fragments. 
Fragmentation may generate non-neutral atoms. We have 
developed a computational algorithm to represent these atoms’ 
charges. FragView can export a tree node’s 3D structure as an 
STL file for 3D printing. Additionally, users can save the current 
status to resume the visualization in the future. To familiarize 
FragView users with these features, a detailed online manual and 
a tutorial video are available. 
 
FragView is an open source, freely accessible tool, released 
under the GPLv3 license. We will continue to improve and 
update FragView in the future based on feedbacks. 
 
Keywords: Tandem mass spectrometry, Metabolite 
Fragmentation, Web Server, Visualization and 3D Printing. 
 
 

1.  INTRODUCTION 
 
The rapidly expanding field of metabolomics has far-reaching 
implications from biochemistry to medicine, and areas in 
between. Accurately detecting, identifying, and quantifying the 
small molecules, better known as metabolites, that are found in 
biological samples such as cells, tissues, and body fluids, has 
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provided significant supports to plant, microbial, and mammalian 
studies over the past two decades [1]–[3]. Detecting metabolites 
using liquid chromatography (LC) coupled to tandem mass 
spectrometry (MS/MS) has become a common analytical 
technology for metabolite identification [4]. LC-MS/MS 
instruments separate, ionize, and fragment metabolites. The 
resulting mass-to-charge ratio and intensity data of metabolite 
fragments are used for metabolite identification.   
 
Large variations in MS/MS fragmentation make identifying 
metabolites challenging [5]. After ionization and potential 
rearrangement, nearly any chemical bond may break in LC-
MS/MS instruments. Although most metabolites are small, the 
number of possible fragments of a metabolite is usually large. 
Understanding metabolite fragmentation with the LC-MS/MS 
technology is necessary for developing metabolite identification 
tools. Connecting biology, chemistry, and computer science, this 
interdisciplinary work looks at predicting molecular fragments 
and building the relationship between fragments. 
 
In this paper, we present FragView for visualizing metabolite 
fragmentation. FragView is a web server, which is a web-based 
application providing the web service. The FragView project is 
an undergraduate project for exposing undergraduate developers 
to this interdisciplinary bioinformatics area. Faculty mentors 
guide undergraduate participants to study biological, chemical, 
and computer science topics related to this project. Students with 
different backgrounds contribute, developing FragView based on 
their expertise and interdisciplinary collaboration. Furthermore, 
FragView is a useful tool for researchers in identification of 
metabolites. As an educational web server, FragView visualizes 
2D and 3D structures of the original metabolite. Users can 
generate and analyze fragments by using FragView’s 
fragmentation tree feature. FragView can also export individual 
STL format files of the metabolite and subsequent fragments for 
3D printing.  
 
The rest of the article introduces MolView and fragmentation 
trees in section 2. Next, we summarize our experience of 
developing FragView in section 3, followed by a description of 
FragView features in section 4. Then, how to access FragView 
and its source code is detailed in section 5, finishing with a 
conclusion and future work in section 6. 
 

2.  RELATED WORKS 
 

2.1. MolView 
 

FragView evolved from the code base of MolView [6]. MolView 
is an open-source web server for visualizing chemical compound 
structures using the SMILES input. MolView generates 2D and 
3D structures of compounds and supports structure edit. 
However, MolView was not designed for visualizing metabolite 
fragmentation and did not organize fragments. Therefore, we 
adopted some MolView features and implemented new features 
in FragView for metabolite fragmentation visualization. 
 
2.2. Fragmentation Tree 
 
A fragmentation tree is a tree-like graph organizing fragments of 
a metabolite. Böcker and Rasche proposed the fragmentation tree 
for representing the relationships between fragments of a 
metabolite [7]. It has been applied in multiple metabolite 
identification tools such as MetFrag [8], MIDAS [9], and 
CSI:FingerID [5]. The root of a fragmentation tree is the original 

metabolite. Fragments are formed by breaking one linear bond or 
two ring bonds. These fragments are represented by the child 
nodes of the root node containing the original metabolite. More 
fragments can be generated from the child node fragments in a 
similar fashion and are represented by another set of child nodes 
beneath the previous fragment. A sample fragmentation tree is 
given in Figure 1. The root node, whose background is purple, 
contains the 2D structure of the original metabolite. When the 
two bonds denoted by green arrows are removed, two new 
fragments have been created and the child nodes in the middle 
layer are generated. Similarly, deleting the bond indicated by the 
yellow arrow in the right fragment, two more fragments form, as 
shown by the nodes in the bottom layer. 

 
Figure 1. A sample fragmentation tree generated by FragView. 
The node with the purple background is the root. Breaking the 
root’s two ring bonds, indicated by two green arrows, generates 
two fragments represented by the nodes of the middle layer. 
Breaking the bond indicated by the yellow arrow generates two 
fragments represented by the nodes of the bottom layer. 

 
3.  PROJECT DEVELOPMENT 

 
3.1. Student Training 
 
Most undergraduate student participants in this interdisciplinary 
project have computer science background, while some also have 
biology and/or chemistry backgrounds. However, none of these 
students had the experience of processing MS/MS data. The 
students with biology and chemistry background had basic 
knowledge with chemical compounds but had limited to no 
experience with LC-MS/MS, computer generated chemical 
visualization methods and the programming the visualization 
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tools were based upon. The students with computer science 
background had experience with programming tools but had 
limited to no experience with any chemical spectroscopy.   
 
To address this issue, we trained students by two approaches. 
One was to host bootcamps for introducing fundamental 
knowledge of chemical compound representation, LC-MS/MS 
technology, and MS/MS data. The other was to go to Mercer 
University to visit a wet lab equipped with an LC-MS/MS 
instrument. These activities helped the students have the basic 
understanding of the LC-MS/MS technology and its data. 
 
3.2. Research Design 
 
Student backgrounds had a strong influence on the FragView 
project.  Most computer science students involved in the project 
were familiar with Python and JavaScript, so FragView is based 
on these two computer languages. MolView’s code base is 
primarily implemented in JavaScript and already incorporates 
features needed for FragView, so it was an ideal starting place. 
Improvements were made to the existing code to include 
additional features.   
 
The existing code base only allowed users to input compound 
structures with the SMILES format. To make FragView 
convenient, the team decided to add the InChI format as an 
additional structure input format. MolView can export 3D 
structures as images, but these images cannot be used on 3D 
printers. The team added the feature of exporting STL format 
files for 3D printing. Since the final FragView product would 
include multiple fragments of the same molecule, the team also 
added the feature to save the file, including any generated 
fragments, to resume visualization in the future. To streamline 
FragView, MolView’s features that were not closely related to 
metabolite fragmentation were made invisible. 
 
The second part of the plan was to add fragmentation 
visualization. Besides the existing panels for visualizing 2D and 
3D structures, FragView has a third panel for visualizing the 
fragmentation tree, reflecting the relationship between 
fragments. FragView assumes the full valence shell of a fragment 
by adding new hydrogen bonds with the yellow color. 
 
3.3. Trouble Shooting 
 
FragView’s implementation was not smooth. While unexpected 
problems slowed the web server development, it allowed 
undergraduate students to practice problem-solving skills with 
real-world problems. Initially, students were encouraged to go 
through the details to identify the exact reason for an issue, 
achieved by code review and testing. After locating the code 
segment triggering the problem, students searched for possible 
solutions in the literature or Internet and implemented the best 
option. 
 
A good example was the integration of the Jmol library with 
FragView.  Unfortunately, some of Jmol’s features did not work 
as expected. Students were guided to search whether another 
library or another Jmol version could resolve the issue, or if they 
could devise their own solution. We led students to estimate the 
workload of implementing any devised solutions. If the workload 
is relatively low, the team should implement the solutions. 
Otherwise, the team should first figure out a workaround, then 

add the implementation plans for decent solutions to the future 
work with suitable priorities.  
 
When designing problem-solving strategies, we suggested the 
students to prepare alternative strategies. For instance, FragView 
used the RDKitJS library, the JavaScript version of RDKit [10]. 
Although RDKitJS provided most of the features FragView 
needed, we still planned to use RDKit Python if necessary. 
 
 

4.  PROGRAM FEATURES 
 
FragView is a web server for visualizing metabolite 
fragmentation. Its interface for a sample compound is given in 
Figure 2. Users can input a compound structure with the SMILES 
or InChI format in the upper-left corner of the interface. After the 
“New” button is pushed, the compound is displayed on three 
panels. The left and middle panels draw the 2D and 3D structures, 
respectively. The right panel contains the fragmentation tree. 
When the initial structure is drawn in the left and middle panels, 
only the root node is shown in the right panel.  When bonds are 
removed in the left panel and the “Frag” button is pushed, the 
child nodes are created in the right panel.  Each fragment will 
have its own node under the root node.  If they are fragmented 
further, more child nodes will appear, like in Figure 1.    
 
The default 2D mode draws molecular structures in line-angle 
formula.  Line-angle formula is a form of chemistry shorthand 
where all bonds are drawn using lines connecting atoms together, 
where a single line represents a single bond, two lines represent 
a double bond, and three for a triple bond.  As carbon and 
hydrogen are extremely common, especially in metabolites, they 
are not explicitly written.  Any end or bend in a line that has an 
atomic symbol is that element, otherwise it is assumed to be a 
carbon atom.  The molecule is also assumed to have a full valence 
shell unless denoted otherwise, so any bonds that are not 
explicitly written are bonds to hydrogen.  Users can generate new 
fragments by erasing bonds on the panel and pushing the “Frag” 
button. 
 
The 3D panel draws the ball and stick model of the molecule or 
fragment. FragView uses different colored balls to distinguish 
elements, and sticks to denote the bonds. When a fragment is 
generated, its atoms associated with the breaking bonds are either 
radicals, charged, or both. The Jmol library automatically 
assumes a full valence shell and adds hydrogen bonds to all atoms 
associated with the breaking bonds. For example, there are two 
yellow atoms on the middle panel of Figure 2, indicating the two 
new hydrogen bonds. An algorithm identifies the atoms 
associated with breaking bonds by comparing the structures of 
the original and new fragments.  These fragments may not be 
neutral, thus appearing in LC-MS/MS spectra. This algorithm 
traces the change of hydrogen atoms in the structure, coloring all 
newly added hydrogen atoms yellow. The yellow atoms denote 
the location of broken bonds.   
 
The root of the fragmentation tree refers to the original 
metabolite. When users generate fragments by erasing bonds, the 
nodes representing new fragments will be added as child nodes 
under the original fragment or metabolite. When users select the 
node on the right panel, the 2D and 3D structures represented by 
the selected node are drawn on the left and middle panels, 
respectively. 
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Figure 2. The FragView interface for a sample compound.  Users can input a compound structure with the SMILES or InChI format in the 
upper-left corner of the interface. The compound is displayed on three panels. The left and middle panels draw the 2D and 3D structures, 
respectively. The right panel contains the fragmentation tree.

 
5.  WEB SERVER AND SOURCE CODE ACCESS 

 
Users can watch the tutorial video and read the online manual 
provided in FragView. FragView is an open-source, freely 
accessible tool released under the GPLv3 license. The links of 
FragView and its source code are available at 
https://www.yingfengwang.org/fragview/. 
 
 

6.  CONCLUSION AND FUTURE WORK 
 

We describe FragView, an educational web server for metabolite 
visualization. This platform can help students understand 
metabolite fragmentation in LC-MS/MS instruments. We also 
summarize our experience of engaging undergraduate students 
during the development of FragView. We plan to collect users’ 
feedback and update FragView in the future.   
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