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Metabolomics is a rising field, becoming more widely used in the last 
decade. Metabolomics studies the metabolites (small molecules that aid 
in an organism's development, reproduction, and metabolism) in an 
organism. 

The purpose of this project was to create a coding package for the 
programming language R that allows for easier, cleaner coding of 
visualizations specifically for metabolomics. R is a programming 
language used for statistical analysis and visualizations. A package is a 
tool within the R language made by a third party to perform a specific 
task. A package consists of preliminary data, R functions, instructions, 
and other information regarding its creation. Packages are explained 
using a Markdown (a webpage containing embedded code). It includes 
examples and instructions. The package and Markdown were posted to 
GitHub, a website used to share and record code. 

Metabanalyze is a package created for metabolomics analysis. This 
package helps data scientists find and analyze biomarkers (metabolites 
that identify diseases) within data. The package created includes 
functions for graphics and sample metabolomics data. This project 
mostly helps mass spectrometrists, bioinformaticians and statisticians 
but can be applied to other types of sciences. It allows for better analysis 
of metabolomics data, which will then further the ability to identify 
diseases and create personalized medicine. It also helps with fields like 
toxicology. 

Crohn’s Disease (CD) and Ulcerative Colitis (UC) are similar 
diseases that affect the digestive track and cause symptoms such as 
ulcers and poor digestion. NonIBD represents individuals with no bowel 
disease. No confirmed biomarkers of CD and UC exist; however, many 
studies show potential biomarkers. Metabanalyze was used to identify 
four more potential biomarkers for CD and UC (Figure 4).

Three data sets were used to create the package from research done at 
The Broad Institute (Avila-Pacheco, 2008); C18, C8, and hydrophilic 
interaction chromatography. Figure 1 depicts the parts of a package. The 
raw data was cleaned, and visualizations were created. Markdowns were 
created for each set of data. A Markdown is code that has been knitted 
(made into) HTML. Each Markdown displayed the same visualizations 
but made with different data. Boxplots, heatmaps, PCA plots, and line 
graphs were created. Then functions were made for the visuals chosen. 
The functions allowed for one line of code to be used to visualize, 
instead of the usual four lines. The function allows for only one line 
specifying both the visual and arguments in the same line; previous 
packages require four lines for this. 

Next, Metabanalyze and a Markdown were created. C18 was chosen 
as the final data. Metabanalyze was published to GitHub and debugged. 
Analysis was conducted in R using Metabanalyze creating Figures 2-4.

The purpose of this project was to make it easier to quickly code 
visuals for metabolomics. It successfully did this and worked as 
intended. Metabanalyze was simple to understand when compared to 
other tools and bug free. Metabanalyze was functional and able to create 
four visuals. The production was created on the computer and published 
to GitHub at https://github.com/elizabethcarmany/metabanalyze where 
anyone can access it and review it. Further testing could be conducted to 
test in comparison to other tools and more functions could be added to 
Metabanalyze. This will allow for quicker generation of visuals to 
analyze data in the metabolomics field of study.
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Figure 1 (above): How the package was created. There are four parts; the description 
which consists of important information about the package (orange), the manual files 
which dictate how to use the various parts of the package (orange) , the R code which 
creates the functions (red), the metabolomics data with factors and metabolites (purple) , 
and the NAMESPACE which informs the computer on what to export.

Results

Metabanalyze was completed and revised to a working version with 
no flaws in the code and every individual script was checked. Each 
function and use of the code were put in its own script and then 
combined into one file. It was described to users using a Markdown. 
Metabanalyze created all graphics with the ability to change appearance. 
It provided data for use with the package. It was tested with new data 
and every function worked. Metabanalyze creates boxplots (Figure 2), 
heatmaps (Figure 3), PCA plots (Figure 4), and line graphs. Potential 
biomarkers were found (Figure 4). Hydroxyoctanoate was also identified 
in another study as a potential biomarker (Volkova & Ruggles, 2019).
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Figure 4 (left): A principal component analysis 
(PCA) plot created by Metabanalyze. It provides 
four metabolites that could be biomarkers. The 
points are divided based on pain. Each dot is an 
individual investigated. The colored ovals around 
the points are axes that the individuals fall on. The 
axes group individuals based on pain levels. The 
four metabolites named contribute the most 
differentiation between groups. They are 
potentially correlated with the pain levels and 
possible biomarkers. The four metabolites create a 
4D axis. These axes show how to fit groups, so 
they differentiate between each other. The x and y
axes are unitless and are eigenvectors calculated 
using the variance of the dataset based on labeled 
factors. The plot labels on this graph correspond to 
the compounds of the individuals analyzed that are 
contributing the most variance to the pain levels.

Figure 2 (left): A heat map 
created by Metabanalyze displays 
three diagnoses and metabolites 
for 546 subjects. C8 measured 82 
metabolites for each individual 
subject. Each row displays 
expressions for each of the 
metabolites in blue, with darker 
blue having a higher expression
value for the diagnosis. The 
dotted and dashed boxes show the 
potential of metabolites grouping 
together and acting a similar way. 
A lot of them are associated with 
CD. The lesser expression values 
mixed in with high expression 
values could represent important 
metabolites to research.
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Figure 3 (right): A boxplot created by 
Metabanalyze, showing 
hydrocinnamate, a metabolite identified 
in Figure 4, as a potential biomarker. 
The boxplot shows the distribution of 
hydrocinnamate in various diagnoses. 
CD has lower levels but varies more. 
There is a possible correlation between 
hydrocinnaate levels and bowel disease. 
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