
WebSpecmine

USER GUIDE





Contents

I Tutorial

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1.1 Website architecture 9

1.2 Website Layout 10

2 Website Functionalities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.1 Supported Data 11
2.1.1 NMR and GC/LC-MS Peak Lists . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.1.2 MS Spectra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.1.3 NMR Spectra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.1.4 UV-VIS, IR and Raman Spectra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.1.5 Concentrations Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.1.6 Metadata File . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.2 Projects 13
2.2.1 What is a project? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.2.2 The structure of a project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.2.3 My Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.2.4 Public Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.3 User Account 25
2.3.1 User Registration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.3.2 Login . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.3.3 Account options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.3.4 Logout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28



2.4 Workspaces 28
2.4.1 What is a workspace? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.5 Load Data for analysis 28
2.5.1 New Project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.5.2 Choose Files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.5.3 MS Spectra Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
2.5.4 NMR Spectra Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
2.5.5 NMR or MS peaks lists Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
2.5.6 Concentrations Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
2.5.7 Spectral Data Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
2.5.8 Load and Save Workspaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

2.6 Data Pre-processing 33
2.6.1 Missing Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
2.6.2 Data Transformation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
2.6.3 Scaling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
2.6.4 Correction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
2.6.5 Smoothing Interpolation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
2.6.6 Convert to Factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.6.7 Mean Centering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.6.8 First Derivative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.6.9 Multiplicative Scatter Correction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.6.10 Data Normalization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.6.11 Detect NMR Peaks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
2.6.12 Subset Dataset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
2.6.13 Remove Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
2.6.14 Remove data by NAs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
2.6.15 Low-level data fusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
2.6.16 Aggregate Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
2.6.17 Flat Pattern Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

2.7 Visualize the data 43
2.7.1 Data Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
2.7.2 Data and Metadata Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
2.7.3 Variables and Samples Statistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
2.7.4 Boxplots of the variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
2.7.5 Spectra/ Peaks plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
2.7.6 Get a report of the data visualization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

2.8 Run an Analysis 49
2.8.1 Univariate Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
2.8.2 Principal Components Analysis (PCA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
2.8.3 Clustering Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
2.8.4 Machine Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
2.8.5 Feature Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
2.8.6 Metabolite Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
2.8.7 Regression Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
2.8.8 Pathway Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61



2.9 Visualization of Results 63
2.9.1 Univariate Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
2.9.2 PCA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
2.9.3 Clustering Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
2.9.4 Machine Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
2.9.5 Feature Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
2.9.6 Metabolite Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
2.9.7 Regression Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
2.9.8 Pathway Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

II Use Examples

3 NMR Peak Lists: Propolis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

3.1 Where to find the data 105
3.2 Choosing the files for analysis 105
3.3 Pre-process the data 108
3.4 One-way ANOVA Analysis 112
3.5 Principal Components Analysis 113
3.6 Machine Learning 114
3.7 Metabolite Identification 115

4 MS Spectra: Mice Spinal Cord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

4.1 Where to find the data 117
4.2 Choosing the files for analysis 117
4.3 Pre-Process the data 119
4.4 T-Test 119
4.5 Metabolite Identification 120

5 UV-Vis Spectra: Propolis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

5.1 Where to find the data 121
5.2 Choosing the files for analysis 121
5.3 Data Visualization 123
5.4 Pre-Process the data 124
5.5 one-way ANOVA Analysis 125
5.6 Hierarchical Clustering Analysis 126
5.7 Principal Components Analysis 127

6 IR Spectra: Cassava PPD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

6.1 Where to find the data 129
6.2 Choosing the files for analysis 129
6.3 Pre-Process the data 131
6.4 Correlation Analysis 132
6.5 Feature Selection 133



6.6 Machine Learning 133

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

Articles 135



I

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.1 Website architecture
1.2 Website Layout

2 Website Functionalities . . . . . . . . . . . . . . . 11
2.1 Supported Data
2.2 Projects
2.3 User Account
2.4 Workspaces
2.5 Load Data for analysis
2.6 Data Pre-processing
2.7 Visualize the data
2.8 Run an Analysis
2.9 Visualization of Results

Tutorial





1. Introduction

The website consists in providing means of analysing metabolomics data, as well as allowing the
sharing of metabolomics experimental data between users. The name chosen for the website is based
on the name of the core package specmine where functionalities are implemented: WebSpecmine.

1.1 Website architecture
The website starts with a home page, where users can enter their user account or do the analysis
without logging in, although some features will not be available in the last scenario. These features
would mainly consist on saving, into the account, experimental data, so it can be used later, reports
and the current work (named workspace, and consists on data and results), that the user could later
return to and continue the analysis being made.

Figure 1.1: Graphical representation of the application’s structure, portraying what is accessible
for both non authenticated and authenticated users (green rectangle) or only for the latter (yellow
rectangle). *Non authenticated users can only view the information contained within the Public
Projects page, unless a workspace is associated with that project is available.
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1.2 Website Layout
The overall appearance of the wesbite is the following:

Figure 1.2: Layout of the WebSpecmine Analysis App.

The header panel contains the website name and a button that allows to show and hide the
sidebar. Furthermore, in this panel, it can be seen the links to pages or pop-up windows that carry
out actions:
• New Project or Choose Project: Load data files for analysis;
• Load Workspace: Load data and results previously saved on the website for analysis;
• Data Visualization;
• Pre-Processing;
• Run Analysis;
• Save Workspace: Save data and results into the user’s account;
• Account Authentication icon: Handle the authentication of the user and his account options.
The sidebar panel has five tabs, which lead to pages that show the respective information:
• Home;
• My Projects;
• Public Projects;
• Analysis Results;
• Help.



2. Website Functionalities

2.1 Supported Data
Various types of data are supported, in many formats. The website considers that each data file
represents one distinct sample, with exception for when one csv file of UV-VIS, IR and Raman
Spectra is given and for the data file of concentrations data.

2.1.1 NMR and GC/LC-MS Peak Lists
The peak lists data files must have the CSV format. Each CSV file must represent a sample and
have two columns: the first one corresponds to the chemical shifts (in ppms) or the mass/charge
ratios and the second one the intensities of those peaks. Part of a CSV file of a peak list:

ppm,intensity
0.74,0.0001
0.89,0.0004
0.90,0.0007
0.91,0.0005
0.91,0.0008
0.92,0.0004
0.94,0.0003
0.95,0.0004
0.96,0.0009

2.1.2 MS Spectra
The MS spectral data files must either have .mzXML, .netCDF or mzData formats.

2.1.3 NMR Spectra
There are two NMR spectra formats that are supported.

The BRUKER format is supported, if the processed spectra are given. Each spectrum data has
to be in a different folder. Each folder has to have the following structure:
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At least the files procs and 1r have to be present. They have to be inside spectrumfolder-
name/pdata/1.

The VARIAN format is supported, only if the raw fid file is given, alongside with the procpar file.
Each spectrum data has to be in a different folder. Each folder has to have the following structure:

2.1.4 UV-VIS, IR and Raman Spectra
The data files of these type of spectra must be in one of the following formats: CSV, (J)DX, SPC or
MS EXCEL (.xlsx).

For data in MS EXCEL or CSV files, each file must have two columns: the first one representing
the wavenumber, wavelength or raman shift, according to the type of spectra, and the second one
the value of the measurements.

When only one CSV file is given, the structure as to be similar to the following example (the
first column corresponds to the wavenumber, wavelength or raman shift, according to the type of
spectra):

,sampleName1,sampleName2
200,0.085956648,0.04830468
201,0.067182627,0.017316359
202,0.044842223,0.026930633
203,0.051335963,0.041539431

2.1.5 Concentrations Data
Concentrations data must be a CSV or TSV file with the samples names in the first column (each
line then corresponds to a sample) and the concentrations values for each metabolite in the following
columns. Alternatively, samples names can be in the first line (each column then corresponds to a
sample) and the concentrations values for each metabolite in the following lines.

Part of a CSV example file of concentrations file:

Patient ID,1.6-Anhydro-beta-D-glucose,1-Methylnicotinamide,2-Aminobutyrate
PIF_178,40.85,65.37,18.73
PIF_087,62.18,340.36,24.29
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PIF_090,270.43,64.72,12.18
NETL_005_V1,154.47,52.98,172.43
PIF_115,22.2,73.7,15.64

2.1.6 Metadata File
As regards to the metadata file, it can either have CSV or TSV format. Each line should correspond
to a sample, where the first column represents the names of such samples, and the remaining ones
the metadata classes.

The first column corresponds to the names of the samples. For the cases where more than
one data file is given, the names of the samples have to correspond to the names of the data
files.

Here you have an example of a metadata file:

Sample Name,Seasons
July2010,Winter
September2010,Spring
October2010,Spring
November2010,Spring
February2011,Sum/Aut
March2011,Sum/Aut
April2011,Sum/Aut
may2011,Sum/Aut
June2011,Winter
July2011,Winter
August2011,Winter
September2011,Spring
October2011,Spring

2.2 Projects
2.2.1 What is a project?

A project consists on a study, or group of studies, and contains the data and metadata used, as well
as reports that were obtained throughout the analysis of such data.

The projects are saved in the user’s account and can be stored as private, so that only the user
can see them and analyse them, or made public, where everyone that accesses the website is able to
see the project, without making any changes on it. However, logged in users can copy other users’
public projects to their own account and then analyze it and save changes, as it won’t compromise
the original project.

2.2.2 The structure of a project
Each project is organized in different types of folders, as follows:
• Data: stores data folders, with each one of them with data files that are used in an analysis;
• Metadata: stores metadata files, where each one can be used in an analysis;
• Reports: stores the reports generated by the analysis of a certain data from the corresponding

project;
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2.2.3 My Projects
This page is accessed through the sidebar panel and it is only accessible for logged in users, as it is
the page that contains the information on the projects that were stored in the user’s account.

When you firstly access this page, only a box at the left side of the page appears, named "List
of Projects", with the list of projects that you have on the account.

Figure 2.1: Layout of the "My Projects" page when the user enters it for the first time.

When you select a project by clicking on its name it the table with the list of projects, you will
be able to see its information at the right and all the tasks available to perform will be done on the
selected project.

Figure 2.2: Layout of the "My Projects" page when the user selects a project.

Following, are the different tasks that can be performed in this page, regarding creating and
editing the projects.
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Create a project
To create a new project, you have to click the button "Create project" in the "List of Projects" box:

Once clicked, a pop up window appears, where you only need to give the project name and
description:

You can also choose if you want to make the project public or not, although this feature and the
other ones can be changed latter on.

Edit project information
To edit a project’s information, you can click the button "Edit project" in the "List of Projects" box,
when you have that project selected.
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Once clicked, a pop-up window will appear so that you can change the project’s name and
description:

Set project to public or private

To change the project between being private and public, you will only need to click a button present
at the top middle of the page and a pop-up window appears to say that the task was successfully
performed:

(a) Here, the project is public. (b) Pop-up window appears
to inform that the project
was successfully changed
to private.

(c) Now, the project is private.

Project’s Data

To edit any information regarding data folders of a project, you will have to select the "Data" tab,
after selecting the project, from the list of tabs present in the middle of the page. All the information
regarding the data folders of the project will appear at the right.

At the top, three buttons that allow to perform tasks on data folders are present ("Create",
"Delete" and "Edit"). Below these, a set of options with the data folders present in the project are
shown, if any, so that the user can select a data folder and perform tasks on it.

When a data folder is selected, all information regarding this folder appears below, which
consists on four buttons that allow to perform tasks on the data files in the folder ("Upload file(s)",
"Delete file(s)", "View" and "Download"), the data type, the folder description and the list of files
present.
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Figure 2.4: Layout of "My Projects" page when information on a data folder is showing.

To create a new data folder, you need to press the "Create" button, which will lead to a pop-up
window where the following options have to be set:

• Data folder name;
• Description;
• Type of data: whose available options are the ones supported ("IR spectra", "MS spectra",

"NMR Spectra", "UV-vis spectra", "Raman spectra", "GC/MS Peaks", "LC-MS Peaks",
"NMR Peaks", "Metabolite Concentrations");
• Upload the data files.

(a)
(b)

Figure 2.5: You must (a) click the button "Create" so that (b) you can create the data folder.

To delete a data folder, you will only need to select the folder to delete and press the button
"Delete". A pop-up window will appear asking if you are sure you want to delete the selected data
folder:
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(a)

(b)

To edit the information of a data folder, you will only need to select the folder to edit and
press the button "Edit". A pop-up window will appear so that you can change the folder’s name,
description and/or type of data:

(a)
(b)

To upload files to a data folder already created, you will need to click the "Upload file(s)"
button. A pop-up window will appear, so that you can upload the file(s) wanted:

(a) (b)

To delete files from a data folder, you will need to select the files to delete, from the list of
data files, and press the button "Delete file(s)". A pop-up window will appear asking if you are sure
you want to delete the selected data files:
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(a)

(b)

To view the content of data files, you will have to select the file(s), from the list of data files,
and press the button "View". A pop-up window will appear with the content of the selected file(s).
Not all types of files are yet supported in this task:

(a) (b)

To download data file(s), you will only need to select the data file(s), from the list of data files,
and press the button "Download":
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Project’s Metadata
To edit any information regarding metadata files of a project, you will have to select the "Metadata"
tab, after selecting the project, from the list of tabs present in the middle of the page. All information
regarding the metadata files of the project will appear at the right.

At the top, four buttons that allow to perform tasks on the metadata files are present ("Upload
file(s)", "Delete file(s)", "View" and "Download"). Bellow this, there is a list of the metadata files.

To upload metadata file(s), you will need to click the "Upload file(s)" button. A pop-up
window will appear, so that you can upload the file(s) wanted:

(a) (b)

To delete metadata file(s), you will need to select the files to delete, from the list of metadata
files, and press the button "Delete file(s)". A pop-up window will appear asking if you are sure you
want to delete the selected metadata files.

(a)
(b)

To view the content of a metadata file, you will have to select the file, from the list of metadata
files, and press the button "View". A pop-up window will appear with the content of the selected
file. As the metadata files must have CSV or TSV format, all metadata files can be seen:

(a)
(b)

To download metadata file(s), you will only need to select the metadata file(s), from the list
of metadata files, and press the button "Download":
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Project’s Reports

To see any information regarding reports files of a project, you will have to select the "Reports" tab,
after selecting the project, from the list of tabs present in the middle of the page. All information
regarding the reports files of the project will appear at the right.

At the top, four buttons that allow to perform tasks on the reports files are present ("Upload
file(s)", "Delete file(s)", "View" and "Download"). Bellow this, there is a list of the reports files that
were previously uploaded to the account or saved after an analysis was performed.

To upload report file(s), you will need to click the "Upload file(s)" button. A pop-up window
will appear, so that you can upload the file(s) wanted:

(a)
(b)

To delete report file(s), you will need to select the files to delete, from the list of report files,
and press the button "Delete file(s)". A pop-up window will appear asking if you are sure you want
to delete the selected report files.

(a) (b)

To view the content of a report file, you will have to select the file, from the list of report files,
and press the button "View". As the only format here supported is HTML, a new tab in the web
browser with the report will open.
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To download report file(s), you will only need to select the report file(s), from the list of report
files, and press the button "Download".

View Project’s Description

One final information that you can see on each project is the description given to the project,
accessible through the "Description" tab, from the list of tabs present in the middle of the page:

Delete a project

To delete a project, you will only need to click the button "Delete project", when you have the
project you want to delete selected:

Once clicked, a pop-up window will appear asking if you are sure you want to delete the project.
All files and information on the project will be deleted:
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2.2.4 Public Projects

This page is accessed through the sidebar panel and it is accessible to whoever enters the website.
It is here where the users can access information on public projects that are stored in the website
database.

Figure 2.16: Layout of the "Public Projects" page.

View general information on all public projects

In the left side of the page, the users can see a table with general information on each project
(one line corresponds to one project), in the box named "Community projects". This table has
information on the name given to the project, the author of such project (name of the user that
created the project) and the types of data that are stored.

Below this table, a "Refresh" button is provided, to obtain the latest list of public projects.

Figure 2.17: "Community projects" box. The project highlighted with rectangle 1 is named Propolis,
created by author Sara Cardoso, and the data files here present are of only one type of data: NMR
peaks. In rectangle 2 is highlighted the "Refresh" button.
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View detailed information on a public project

By clicking in one project of this table, a more detailed information on the project appears at the
right side of the page:

Here, the user can see the:
• Project Description;

• Data files in each data folder;

• Metadata files;

• Reports the project owner saved into it.
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Copy a public project to the personal account
As stated before, any project can be imported into the user’s private projects collection, given that
the user is authenticated and the project itself is not owned by the user nor does he/she already own
a project by that name.

To do this, the user only needs to click in the button saying "Import Project", present below the
projects table:

(a)

(b)

2.3 User Account
Any of the following tasks related to the user account are performed by accessing through the
account authentication icon, present at the top right corner of the webpage:

Figure 2.19: Account authentication icon.

2.3.1 User Registration
To create an account in WebSpecmine, you will need to click on the user icon and press the
"Register" link:
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After this, a pop up window will appear so that you can register yourself, by giving the first and
last name, your e-mail and password wanted:

2.3.2 Login

To log in, you must click on the user icon and press the "Login" link:

After this, a pop up window will appear so that you can log in:

2.3.3 Account options

All the options available are accessible once the user logs in. By clicking in the user icon, the
account options panel appears below:
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Change user name

To change the user name, you will need to, besides providing the new name wanted, insert the
correct password of your account, so that the task can be performed:

Change password

To change the password, you will need to insert the correct password of your account, the new one
wanted and repeating the new password, to confirm is right, so that the task can be performed:

Delete account

To change the password, a warning pop-up window will inform you that the task is not reversible
and ask you to give the correct account password, so that the task can be performed:
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2.3.4 Logout
When logging out, a pop-up window will appear warning that any unsaved analysis will be lost:

2.4 Workspaces

2.4.1 What is a workspace?
A workspace consists on all data the user is working on at the moment and the possible results
that have already been obtained. Each data folder from a project can have a workspace associated.
Therefore, only users with an account can save workspaces.

However, not only users that hold an account can load a workspace, but also users with no
account. The difference remains in the fact that logged in users upload workspaces from their
account or from public projects, even if the project to where they belong was not yet copied to the
account, whilst logged out users can only upload public workspaces.

See section 2.5.8 on how to save and load workspaces.

2.5 Load Data for analysis

There are three different ways of choosing data for analysis.
• New Project: available for users not logged in, you will have to upload here the files to

analyze;
• Choose Files: available for users logged in their accounts, you will have to choose here the

files to analyze, from the ones that you have previously saved into the account;
• Load Workspace: for any type of user, you can load a workspace (data and/or results)

available to analyze
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2.5.1 New Project

When the user clicks the "New Project" button, a pop-up window to submit the files for analysis
appears.

In this window, according to the the data type chosen on the top of the window, either "MS
Spectra (.mzXML, .netCDF, mzData)", "NMR or MS peaks lists", "Concentrations" or "Spectral
Data", the user has to set some options about the data and metadata files, present under the data
type choices. Optional information can also be given.

Here is an example of what can be seen in this window:

Figure 2.20: Layout of the submission of a new project of concentrations data.

For cases when more than one data file needs to be uploaded, a .zip file with the data files must
be submitted. Concentrations data must be only one file. For spectral data it can either be a .zip file
with files of the supported format or only one file (CSV format).

The "Submit" button present at the bottom of the window is only enabled when both the data
and metadata are submitted. After clicking the button "Submit", the files are processed and the
corresponding data stored under the dataset name OriginalData.

Then, the window disappears and the page "Run Analysis" appears. All the other buttons in
the header panel will be made available, except for the "Save workspace" one, only available for
logged in users.

Also, the tab "Dataset being used" appears on the sidebar panel, with one selected option,
"OriginalData", which means that this is the dataset being currently used for analysis.

Each time a new submission of files for analysis is done, all the work that the user may have
done before is lost.

The uploaded files are not stored anywhere.

2.5.2 Choose Files

When you click the "Choose Files" button, a pop-up window to choose the files from your account
for analysis appears:
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Initially, three boxes appear on the window, so you can choose:
• The project to work with;
• The data folder from the chosen project that contains the data files to analyse;
• The metadata file from the chosen project that contains the metadata information about the

data to analyse.
Only the projects that do not have empty Data and Metadata folders can be selected for analysis.
After doing so, the user will have to set some options regarding the data type in question. After

this, the user is able to submit the chosen files for analysis, by clicking the "Submit for Analysis"
button:

Everytime a different project is chosen, the workspace regarding the previous project is lost,
unless the user saves it first.
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2.5.3 MS Spectra Options
The data options made available concern the feature (peak) detection in the chromatographic time
domain. The user must choose:
• The profile generation method: "bin", "binlin", "binlinbase" or "intlin";
• The full width at half maximum (fwhm) of matched filtration gaussian model peak: commonly

30 for LC-MS spectra and 4 for GC-MS spectra;
• The bandwidth (standard deviation or half width at half maximum) of the Gaussian smoothing

kernel, to apply to the peak density chromatogram: commonly 30 for LC-MS spectra and 5
for GC-MS spectra;
• The peak intensity measure: "Integrated area of original (raw) peak", "Integrated area of

filtered peak", "Maximum intensity of original (raw) peak" or "Maximum intensity of filtered
peak".

The available metadata options concern the way how the metadata file is formatted. The user
must say if the file:
• Has a header column with the name of the metadata variables;
• Has a header row with the name of the samples;
• Has a comma or white space separating the data.
The user can also provide, optionally, a short description of the data.

2.5.4 NMR Spectra Options
Regarding the data options, the user must say:
• Data format: "BRUKER processed data" or "VARIAN raw data";
• If each data folder given inside the zip provided in New Project also compressed (.zip). This

option only appears in New Project;
• If VARIAN format is selected, you will also have to choose if you want to perform or not

zero filling and/or apodization.
The available metadata options concern the way how the metadata file is formatted. The user

must say if the file:
• Has a header column with the name of the metadata variables;
• Has a header row with the name of the samples;
• Has a comma or white space separating the data.
Optional information can also be given by the user, such as a short description of the data and

short labels for the x and y values.

2.5.5 NMR or MS peaks lists Options
Regarding the data options, the user must say:
• The type of data peaks submitted: "NMR", "GC-MS" or "LC-MS" peaks;
• If the file has a header row with the names of the data variables;
• If the file has a comma or white space separating the data;
• If the character used for decimal points is a comma (",") or a point (.)
The available metadata options concern the way how the metadata file is formatted. The user

must say if the file:
• Has a header column with the name of the metadata variables;
• Has a header row with the name of the samples;
• Has a comma or white space separating the data.
Optional information can also be given by the user, such as a short description of the data and

short labels for the x and y values.
When this type of data is chosen, there is no "Submit"/"Submit for Analysis" button initially,

but a "Next" button, which, in the "New Project" feature, is only enabled when both data and
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metadata files are submitted.
When the user clicks next, a set of options to do the alignment of peaks, after processing the

files, is provided. The user is able to choose between the MetaboAnalyst and Specmine algorithms.
When the specmine algorithm is chosen, the user must give the size of the step, in ppms. On the
other hand, when the MetaboAnalyst method is chosen, the metadata variable to be used can be
chosen. The user can then press the "Submit"/"Submit for Analysis" button.

2.5.6 Concentrations Options

The data options made available concern the way how the file is formated. The user must say if
the samples are distributed over the rows or columns. According to what he responds to this option,
the user must say if the file has a header column with the names of the variables or samples and
a header row with the names of the samples or variables. If the user says that the file does not
have the samples names, he will be asked to give them, by writing them, separating each one by a
comma. Finally, the user must specify the data separator character ("Comma" or "White space").

The available metadata options concern the way how the metadata file is formatted. The user
must say if the file:
• Has a header column with the name of the metadata variables;
• Has a header row with the name of the samples;
• Has a comma or white space separating the data.
Moreover, the user is able to provide, optionally, a short description of the data and short labels

for the x and y values.

2.5.7 Spectral Data Options

The data options made available concern the way how the file is formated. The user must say:
• The type of spectral data: "UV-Vis", "Infrared" or "Raman";
• Type of file(s) submitted: "CSV file", "CSV folder", "DX folder", "SPC folder", "XLSX

folder".
If the user is submitting a CSV file it must also say:
• What is the character that is separating the data values: "Comma", "Semicolon" or "Tab";
• If the samples are distributed over the rows or columns;
• If the file has a header column with the name of the samples or variables;
• If the file has a header row with the name of the samples or variables.
If the user is submitting CSV files it must also say:
• What is the character that is separating the data values: "Comma", "Semicolon" or "Tab";
• If the files have row headers;
• If the files have experimental info in the first lines and, if yes, how many lines are, so that

they can be skipped when the website reads the data files.
If the user is submitting SPC files it must also say if the website should read the subheaders or

not.
If the user is submitting XLSX files, it must also say if the files have row headers or not.
As regards to the metadata options, the user must say if the file:
• Has a header column with the name of the metadata variables;
• Has a header row with the name of the samples;
• Has a comma, white space or semicolon separating the data.

2.5.8 Load and Save Workspaces

The load and save workspace features are both available through the header panel. After clicking in
one of these buttons, the respective window appears above the website.
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In the load workspace window, the available workspaces to load are presented to the user
grouped by the respective type of data, in order to make easier the search for the wanted data.
Furthermore, each workspace is identified by the project and data folder that it corresponds to:

Similarly to what happens with the submission or choice of different projects, loading a different
workspace implies loosing the workspace the user is working at that time, unless it is saved.

When saving a workspace, the pop-up window that appears informs the user what is the project
and data folder that the workspace is related with:

Remember that workspaces can only be saved into someone’s account. Therefore, this feature
is only available for users that are logged in.

After loading a public workspace, the logged in user has to copy the public project associated
with the public workspace loaded to be alowed to save the workspace, as a warning message appears
in the pop-up window of "Save Workspace" if the user has not yet copied the public project.

Only the user that "owns" the public project can save and, therefore, change the actual associated
public workspace(s).

2.6 Data Pre-processing
When the user clicks the "Pre-Processing" button, the page that allows the user to pre-process
datasets appears.
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This page was organized into two columns with the different types of pre-processing in each
box:

Some pre-processing boxes will only be available for the user when it comes to spectral
data: "Correction", "Smoothing Interpolation", "First Derivative", "Multiplicative Scatter
Correction" and "Low-level data fusion".

Each box is further discussed in this chapter, below.
The processing is done over the dataset being currently used, and it can be done in any desired

order, applying the wanted tasks. Various datasets can be generated, with different pre-processing
pipelines, which allows to compare different results of the same analysis, according to the processing
pipeline applied.

At the end of the page, the "Finish" button, only enabled when the dataset name input is filled,
allows the user to indicate that the processing pipeline is defined:

After naming the pre-processing, the name of the dataset will appear on the sidebar panel, in
the section "Dataset being used", so that the user can choose the new dataset for further analysis:
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If the chosen name already exists, the site will not allow the user to save the pre-processing
done when he clicks the "Finish" button and the message "A dataset with that name already exists!
Please choose a different one" will appear, giving the opportunity of renaming the dataset.

2.6.1 Missing Values

In the "Missing Values" box, a message saying "Your data has no missing values" appears if the
dataset in use does not have missing values:

If it has, the options to treat missing values will appear. These include replacing the missing
values by:

• The mean;
• The median;
• A value given by the user: when this choice is selected, an input will appear below so that a

value can be specified;
• Calculating the K-Nearest Neighbours: when this choice is selected, an input will appear

below so that a number K can be specified;
• Doing a linear approximation.

2.6.2 Data Transformation

The methods made available are:

• Logaritmic;
• Cubic Root.
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2.6.3 Scaling

The methods made available are:
• Auto;
• Pareto;
• Range.

2.6.4 Correction

The methods made available to perform correction are:
• Baseline;
• Offset;
• Background;

2.6.5 Smoothing Interpolation

The types of smoothing interpolation made available are:
• Bin;
• Loess;
• Savitzky-Golay.
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2.6.6 Convert to Factor
Metadata variables can be converted to factors here, if they are not already:

This feature is specially important if the user wants to perform machine learning, as it is only
possible to perform classification problems.

2.6.7 Mean Centering

2.6.8 First Derivative

2.6.9 Multiplicative Scatter Correction

2.6.10 Data Normalization
The normalization of the data can be done by the sum of:
• A constant given by the user: when this choice is selected, an input will appear below so that

the constant can be specified;
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• The median.

2.6.11 Detect NMR Peaks

The NMR peak detection box, as the name suggests, is only available for NMR spectra data.
To detect the peaks, you will only need to set the following options:
• Baseline treshold value: it’s the minimum intensity value to consider a peak as a detected

peak;
After the peaks are detected, they are aligned and the following options have to be set:
• Peak alignment method: "MetaboAnalyst Algorithm" or "Specmine Algorithm";
• Size of the steps (in ppms), if "Specmine Algorithm" is chosen;
• Metadata variable to use in the alignment, if "MetaboAnalyst Algorithm" is chosen;

2.6.12 Subset Dataset

You can get a new dataset with only certain data variables ("Subset by Variables") and/or certain
samples ("Subset by samples").

When subsetting the dataset by variables, you can choose between:
• An interval of data variables to keep on the new dataset;
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• Keep specific data variables.

When subsetting by samples, you can choose between:

• Subsetting according to classes on a metadata variable, i.e., only samples that have a certain
value(s) for a metadata variable will be kept on the new dataset;

• Keep specific samples.
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When the dataset being used is of concentrations or MS spectra, subsetting the dataset by an
interval of data values is not accessible.

2.6.13 Remove Data

Specific samples, data variables and/or metadata variables can be removed:

(a)

(b)

Figure 2.22: Remove data box, (a) when the choices showing the data, metadata or samples names
show when the user clicks on the input to insert what to remove and (b) after selecting two data
variables names to remove.

2.6.14 Remove data by NAs

Samples and data variables can be removed according to the missing values they have.
In both cases, the data can be removed by the number or percentage of missing values. When

the first is chosen, an input will appear, asking the user to give the maximum number of missing
values a sample or data variable can have. On the other hand, when the percentage option is chosen,
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a slider input will appear, allowing the user to set the maximum percentage of missing values a
sample or data variable can have.

The samples have an additional option of removing samples if they have missing values in the
respective metadata variables.

2.6.15 Low-level data fusion
Datasets from different types of data can be merged in one dataset. To merge the dataset you are
currently working on with another one of another type of data, you only need to select the type
of data to upload in the blue options at the top of the box, upload the file(s) and set the options.
The options available are similar to those seen when loading a data for the first time through New
Project or Choose Files (see section 2.5 for more information)

2.6.16 Aggregate Samples
Samples can be aggregated (joined in one) according to a metadata variable, i.e., samples that
belong to the same class of a metadata variable are joined together in only one sample. Samples
can be joined by calculating the mean, median, sum, maximum value or minimum value of the
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samples. Furthermore, you can also choose metadata variables to remove, in case they stop making
sense once the samples are aggregated.

2.6.17 Flat Pattern Filter

Six functions are available for selection in the "Flat Pattern Filters" processing box, including:
• Interquantile range;
• Relative Standard Deviation;
• Standard Deviation;
• Median absolute deviation;
• Mean;
• Median.
The values can be filtered by:
• Percentage: when selected, a slider input with numbers between 0 and 100 appears;
• Treshold: when selected, a numeric input appears;
• Number of variables to remove are calculated automatically.

Figure 2.23: Flat Pattern Filter box.
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2.7 Visualize the data

The "Data Visualization" feature is available through the header panel, and allows the user to see
the data and some of its characteristics.

At the top left of this page, the buttons present correspond to what the user can see about the
dataset in question. At the right, the content that belongs to the button clicked is shown.

Below these, the possibility to download or save the data visualization report is made available.
The information the user is able to see in this page corresponds to the dataset being currently

used, chosen in the sidebar tab "Dataset being used".

2.7.1 Data Summary

Contains information such as:
• Short description of the data that was provided by the user while submitting the project for

analysis;
• Type of data;
• Number of samples, data points and metadata variables;
• XX and YY axis labels;
• Number of missing values;
• Statistics: mean, median, standard deviation, range and quantiles.

2.7.2 Data and Metadata Tables

The data section shows a table where each sample is represented by a column and each data variable
by a row:
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The metadata section shows a table where each sample is represented by a row metadata
variable by a column:

The tables can be scrolled down and right if the size of the table is big. While scrolling down,
the columns’ names are fixed.

2.7.3 Variables and Samples Statistics

These two sections show a statistical summary for each variables and sample of the dataset,
respectively. The statistical information consists on the minimum value, first quantile, median,
mean, third quantile and maximum value.

2.7.4 Boxplots of the variables

Three different types of boxplots are available. You can see a boxplot of one or more data variables,
a boxplot of one data variable over two different metadata variables and a boxplot of one data
variable over one metadata variable. Each of these plots can be accessed through their respective
buttons that appear at the top of the page when the user clicks "Boxplots of the variables" at the left.

The second plot mentioned will not be available if the data in question does not have two or
more metadata variables.
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One or more variables

The variables to appear in the boxplot can be chosen by the user, through the select input above the
plot.

So that all variables appear in the boxplot, you can click in the button "Select All" at the top
of the choices in the selection input. However, if there are a lot of variables, the plot may not be
readable.

One data variable over two metadata variables

To visualize this plot, you have to choose the data variable and the two metadata variables in their
respective inputs and the color for the boxes in the plot. After that, you can click "Construct Plot"
to see the new plot below.

One data variable over a metadata variable

To visualize this plot, you must choose not only the data and metadata variables in their respective
inputs, but also the different colors of the boxes that will appear in the plot (one for each metadata
variable):
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After setting the options, you can click "Construct Plot" and the new plot appears below the
options:

2.7.5 Spectra/ Peaks plot
This plot is only available, as the name suggests, for datasets of spectral type or peaks data.

There are some changes that the user can perform to personalize the plot:
• The plot can show the spectra/peaks of one up to all samples, selected by the user. Again, if

no samples are chosen in the select input, the spectra for all samples is plotted;
• Color the plot according to the different values of the metadata variable chosen;
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• Choose the range of the xx axis;
• And choose if the values in this axis appear in descendent or ascendent order.

Figure 2.24: Spectra Plot section.

Figure 2.25: Peaks Plot section.

2.7.6 Get a report of the data visualization

The plots appear in the report like they are in the page in the moment of the report file creation.
This means that only the variables that are selected to appear in the boxplot at the time of the report
file creation will appear in the file plot, for example, and the same happens with other inputs that
may change the plots.

If the data being visualized is of concentrations type, no spectra/peaks plot will be present in
the report, similarly to what happens in the website:
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The user will always be able to download the report to their computer, but can only save it if
logged in the account.

2.8 Run an Analysis

The "Run Analysis" feature is available through the header panel and leads to the page that allows
the user to do the analysis of the datasets.

There are a total of 7 boxes of analysis provided.

Figure 2.27: Run Analysis page layout.

• Metabolite Identification, only available for spectral data from the LC-MS technique or
peaks lists data from the NMR technique;
• Pathway Analysis, only for concentrations data whose metabolites are represented by KEGG

or HMDB codes, or for identified metabolites from NMR or LC-MS data;
• Univariate Analysis, where t-tests, one-way and multifactor analysis of variance (ANOVA),

Kruskal-Wallis and Komolgorov-Smirnov tests, and fold change analysis can be done;
• Regression Analysis, where regression and correlation analysis are made available.
• PCA, both classical and robust approaches;
• Clustering Analysis, where hierarchical and k-means clustering are available;
• Machine Learning, where it is possible to train models and predict new samples;
• Feature Selection, where two methods are available, namely recursive feature elimination

and selection by filter;
The analysis boxes might not be accessible if the dataset currently in use contains missing

values. Another example is the box "Metabolite Identification", which might also be unaccessible if
the dataset type is not supported, i.e., if the dataset is not spectral data from the LC-MS technique
or NMR peaks lists data. In these cases, the respective boxes remain in grey, inaccessible, until the
desired conditions are met.

All analyses done must have a name associated to them, given by the user. These names must
differ, although the input text box where this name has to be given comes with a default value.

2.8.1 Univariate Analysis
Regarding univariate data analysis, the web application is able to perform either one-way or
multi-factor ANOVA, T-Tests, Kruskal-Wallis and Kolmogorov-Smirnov tests, and fold change
analysis.
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Therefore, after entering the Univariate Analysis page, the user sees a sidebar panel with each
tab leading to the respective type of analysis mentioned.

After clicking in of these tabs, the options that must be given to perform the analysis are shown
at the right of this tab.

By default, the options regarding the first type of analysis in the sidebar panel appear automati-
cally when first entering the page.

T-Test
The available options to set are:
• Analysis Name;
• Metadata variable to use (to create the groups of samples based on the different values of the

selected variable, that will be compared between each other);
• P-value Treshold: defaults to 0.01.

Figure 2.28: T-Test analysis page layout.

One-way Analysis of Variance (ANOVA)
The available options to set are:
• Analysis Name;
• Metadata variable to use (to create the groups of samples based on the different values of the

selected variable, that will be compared between each other);
• If the TukeyHSD test should also be performed, alongside with ANOVA.

Figure 2.29: One-Way ANOVA analysis page layout.
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Multi-factor Analysis of Variance (ANOVA)
As this type of analysis can only be performed on datasets with more than one metadata variables,
this analysis won’t be available for datasets that do not fill this requirement.

The available options to set are:
• Analysis Name;
• Metadata variables to use (to create the groups of samples based on the different values of

the selected variables, that will be compared between each other);
• Write the formula specifying the model, using the names of the metadata variables chosen.

Figure 2.30: Multi-Factor ANOVA analysis page layout.

Kruskal-Wallis Test
The available options to set are:
• Analysis Name;
• Metadata variable to use (to create the groups of samples based on the different values of the

selected variable, that will be compared between each other);
• P-value treshold.

Figure 2.31: Kruskal-Wallis Test page layout.
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Kolmogorov-Smirnov Test
The available options to set are:
• Analysis Name;
• Metadata variable to use (to create the groups of samples based on the different values of the

selected variable, that will be compared between each other);
• P-value treshold.

Figure 2.32: Kolmogorov-Smirnov Test page layout.

Fold Change Analysis
The available options to set, in order to perform fold change analysis on the entire dataset (difference
of the variables on two groups) are:
• Analysis Name;
• Metadata variable to use (to create the groups of samples based on the different values of the

selected variable, that will be compared between each other);
• One of the possible values of the metadata variable chosen, to use as reference value.
If the user choose to perform an additional fold change analysis on two variables (difference of

the groups on two variables), the following options must be set:
• Select the two data variables to use.

Figure 2.33: Fold Change analysis page layout.
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2.8.2 Principal Components Analysis (PCA)
Both classical and robust PCA are available to perform.

Normal PCA
The following options must be set in order for the analysis to be performed:
• Analysis Name;
• Choose if variables should be scaled and/or centered.

Figure 2.34: Normal PCA analysis page layout.

Robust PCA
The following options must be set in order for the analysis to be performed:
• Analysis Name;
• Choose the method by which to center the variables: "Mean" or "Median";
• Choose the method by which to scale the variables: "Standard deviation ratio" or "Mean

absolute deviation";
• Number of components to obtain.

Figure 2.35: Robust PCA analysis page layout.
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2.8.3 Clustering Analysis

Both hierarchical and K-means clustering are available.

Hierarchical Clustering

The options to set here are:
• Analysis Name;
• Distance Measaure: "Euclidean", "Manhattan", "Pearson" or "Spearman";
• Agglomeration method: "Complete", "Ward", "Single", "Average", "Mcquitty", "Median" or

"Centroid";
• If distance should be calculated between samples or variables;

Figure 2.36: Hierarchical Clustering analysis page layout.

K-Means Clustering

The only options to set in this case are:
• Analysis Name;
• If distance should be calculated between samples or variables;
• The number of clusters in which to group the samples/variables;

Figure 2.37: K-Means Clustering analysis page layout.
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2.8.4 Machine Learning
At the top of the Machine Learning page, there are two buttons that can lead to either model
training, if the button "Train Models" is clicked, or to samples prediction, if the button "Predict
New Samples" is chosen. The options that can be chosen for each type of analysis appear below
these buttons.

The "Predict New Samples" option is not accessible if no model was previously trained using
the dataset currently in used.

Model Training
Model training is only available for classification models.

The options available to set are:
• Analysis Name;
• Choose one or more types of models to train: "Partial Least Squares (PLS)", "Decision

Tree (C4.5)", "Rule-Based Classifier", "Support Vector Machine (SVM) with linear kernel",
"Random Forests", "Linear Discriminant Analysis (LDA)" and "Neural Network";
• Name of the metadata variable to predict;
As regards to the options for parameter optimization, the user can either choose:
• Give all the values that will be tested for each parameter of each chosen model;
• Or define the number of different values that will be tested for each parameter, whose values

will be set automatically.
For the model validation options, the following have to be set:
• Method: "Resampling", "Cross-validation", "Repeated Cross-validation", "Leave One Out

Cross-validation" and "Leave Group-out Cross-validation";
• Number of resampling iterations: if "Resampling" method is chosen;
• Number of validation folds: if any of the other methods is chosen;
• Number of repeats: if the selected method is "Repeated Cross-validation";
• Validation Metric: "Accuracy" or "ROC".

Figure 2.38: Train Models analysis page layout.
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Sample Prediction
First, the user should submit the new samples file(s):

1. Click the button to start the submission of the file(s);

2. A pop-up window will appear, with the options to process the data file(s), according to the
type of data that must be submitted (the same type of data used to train the models);

3. After this, the user will be asked to treat the missing values, with the same options present in
the pre-processing page, if the new data has missing values;
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4. Lastly, the data will be further pre-processed similarly to the data used to train the model
chosen: "Convert to factor", "Remove data", "Remove data by NAs", "Low-level fusion",
"Flat pattern filters" and "Aggregate samples" are not available to process new samples.

After submitting the new samples, a brief summary will appear at the bottom right of the page:

The options available are:
• Analysis Name;
• Choose a model to perform the prediction: only the models trained making use of the dataset

currently in use will be made available to choose.

2.8.5 Feature Selection
The available options to set are:
• Analysis Name;
• Choose the metadata variable to be predicted;
• Method: "Recursive Feature Elimination" or "Selection by Filter";
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• Function for model fitting, prediction and variable importance/filtering: "Random Forests",
"Linear Regression", "Bagged Trees", "Linear Discriminant Analysis (LDA)" and "Naive-
Bayes";

For the model validation options, the user must set:
• Validation Method: "Resampling", "Cross-validation", "Repeated Cross-validation", "Leave

One Out Cross-validation" and "Leave Group-out Cross-validation";
• Number of resampling iterations: if "Resampling" method is chosen;
• Number of validation folds: if any of the other methods is chosen;
• Number of repeats: if the selected method is "Repeated Cross-validation".
The user can also choose if he wants to manually set the number of features that will be tested

in each group test. If the user chooses to do so, he must give the size of each group test, separated
by a comma. If not, the groups’ sizes will be generated by default.

Figure 2.39: Feature Selection analysis page layout.

2.8.6 Metabolite Identification

The user can only perform identification of metabolites on data from LC-MS spectra or NMR Peaks.
When entering the "Metabolite Identification" box, the available options will differ according to the
type of data in question.

LC-MS Spectra

The overall pipeline for identification of metabolites from this type of data starts starts with the
detection of the existing peaks in the spectra, followed by discrimination of which peaks belong
to the same source metabolite and, finally, each of these groups of peaks, which have a certain
mass and were acquired under a certain chemical environment (ionization mode, for example), are
compared to the peaks of each metabolite on a predefined database. This analysis is performed by
using the MAIT R package.

The options that can be set are:
• Analysis Name;
• Column of the metadata that may help in the identification.
All the other parameters are already set by default and the user cannot change them, like the

peak tolerance and mass tolerance ones, which are set to 0.005 and 0.5, respectively.
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Figure 2.40: Overall layout of the LC-MS metabolite identfication results page.

NMR Peaks
The overall pipeline for the NMR metabolite identification starts with the clustering of the peaks in
the dataset according to a correlation. After clustering, the peaks are separated in the respective
clusters based on a minimum correlation that each peak inside a cluster must have with the others
on the same cluster. The value of this correlation can be set by the user or calculated, where the
optimal value is the one that leads to the larger number of clusters.

Each of these clusters is considered a potential metabolite, as it can be assumed that peaks
coming from the same molecule show similar behaviour across all samples and, therefore, correlate
strongly with each other.

After setting the library of the reference metabolites, each cluster is compared with each
reference metabolite, using the Jaccard index to score the match. This index is used to compare the
similarity between sets, as it is defined by the division of the size of intersection by the size of the
union of the sets: J(A,B) = |A∩B|÷ |A∪B|.

Figure 2.41: NMR metabolite identification analysis page layout.

The options that must be set are:
• Analysis Name;
• ppm tolerance when matching between cluster and reference peaks;
• Number of top metabolites matched to each cluster to show;
For the construction of clusters, the options to set are:
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• Correlation Method: "Pearson" or "Spearman";
• Minimum number of peaks that the clusters must have, defaults to 40;
• If the minimum correlation value in the formation of clusters must be given by the user or

calculated;
• If the above correlation value is calculated by the website, the user can give the maximum

number of peaks a cluster can have while searching for this optimum value or let the website
set it to the number of peaks of the biggest reference metabolite.

Finally, to filter the reference metabolites, the options made available are:
• Frequency: can either be 400, 500 or 600;
• Nucleus: can either be "1H" or "13C";
• Solvent, optional: "100% DMSO", "5% DMSO", "Acetone + DMSO + Tetramethylurea",

"C", "CCl4", "CD3OD", "CDCl3", "Cyclohexane", "D2O", "DMSO-d6", "DMSO-d6 + HCl",
"Neat", "TMS", or "Water";
• pH interval or value, optional: the user can choose the minimum and maximum values, or

one single value of pH, by setting both values as the same value;
• Temperature, optional: can either be 25oC or 50oC.
While setting the filtering parameters, the website checks if the combination of the chosen

parameters lead or not to no reference metabolites. If so, the warning message "There are no
reference metabolites with all the features selected" appears under the box to alert the user and
disables the button to do the identification.

2.8.7 Regression Analysis
Linear Regression Analysis
As this type of analysis can only be performed on datasets with more than one metadata variables,
this analysis won’t be available for datasets that do not fill this requirement.

The available options to set are:
• Analysis Name;
• Metadata variables to use: to create the groups of samples based on the different values of

the selected variables, that will be compared between each other for each data variable (one
data variable - one linear regression)
• Write the formula specifying the model.

Figure 2.42: Linear Regression analysis page layout.

Correlation Analysis
The available options to set are:
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• Analysis Name;
• Correlation Method: "Pearson", "Spearman" or "Kendall";
• If the correlation is to be calculated between samples or variables;
• Color palette for the heatmap and if the reverse colors of the palette should be used.

If the user also chooses to perform a correlations test to the dataset, the following option must
be given:

• Alternative hypothesis: "Two-sided", "Greater (positive association)" or "Less (negative
association)".

Figure 2.43: Correlation analysis page layout.

2.8.8 Pathway Analysis

The available options to set in order to perform this analysis are divided into 3 main boxes:

• Box 1: Choose the group of organisms where the organism wanted is. The available groups
are the following: "Mammals", "Birds", "Reptiles", "Amphibians", "Fishes", "Insects",
"Nematodes", "Mollusks", "Cnidarians", "Eudicots", "Monocots", "Green Algae", "Red
Algae", "Fungi", "Protists", "Bacteria" and "Archaea". The pathways of the chosen organism
will be the ones used in the analysis;
• Box 2: Choose the organism. A select input with the organism from the group of organisms

chosen is made available.
• Box 3: Further options and Submit. Here, you have to give a name to the analysis and one of

two options:
If the data is of concentrations type: say if the metabolites are represented by KEGG

codes or HMDB ones;
If the data is of NMR peaks or LC-MS type: say the metabolite identification analysis

with the metabolites identified that you want to use in the analysis.
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2.9 Visualization of Results
Each time an analysis is finished, the user is redirected to the respective results page.

All the obtained results related to the data available for analysis are accessible through the
sidebar panel, in the tab called "Analysis Results". This tab has subtabs that correspond to each
type of analysis made. These subtypes have the links to the respective analysis results’ pages,
represented by the names given by the user.

Overall, for each results page, the users can access the options used in that analysis, by clicking
in a circular button placed ate the top left corner of the results page, alongside with the results.

2.9.1 Univariate Analysis
T-Test
For results of this type, options used that can be consulted are:
• Analysis Name;
• Name of the dataset used;
• Variable used;
• P-value treshold chosen.

Figure 2.44: Layout of the dropdown menu of the options for T-Test analysis.

As regards to the actual results, at the right of the options button, there are two buttons, which
allow the user to see the two different types of results obtained, shown below these buttons.
• Numerical results: consists on a table with the p-value, logarithm of p-value and corrected

p-value (FDR method);

• Plot: The negative base 10 logarithm of the p-value is represented on the y axis and the
variables on the x axis.
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One-Way ANOVA
For results of this type, options used that can be consulted are:
• Analysis Name;
• Name of the dataset used;
• Variable used;
• If tukeyHSD was performed or not.

Figure 2.45: Layout of the dropdown menu of the options for one-way ANOVA analysis.

As regards to the actual results, at the right of the options button, there are two buttons, which
allow the user to see the two different types of results obtained, shown below these buttons.
• Numerical results: consists on a table with the p-value, logarithm of p-value, corrected

p-value (FDR method) and the result of tukeyHSD, if it was performed, for each variable
tested;
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• Plot: The negative base 10 logarithm of the p-value is represented on the y axis and the
variables on the x axis. The plot can be personalized through the following available changes:

P-value Treshold: defaults to 0.01;
Reverse the x-axis: only available for datasets whose type is not concentrations.

Multi-factor ANOVA

For results of this type, options used that can be consulted are:
• Analysis Name;
• Name of the dataset used;
• Formula used.

Figure 2.46: Layout of the dropdown menu of the options for Multi-factor ANOVA.

As regards to the actual results, the numerical results are available, in the form of a table, where
each line corresponds to the different results obtained for each data variable on the dataset. The
following information is given in the table’s columns:
• Variables’ combination (Var): if formula variableA*variableB is chosen, for each metabolite,

there will be results for variableA, variableB, variableA and variableB, and Residuals;
• Degrees of Freedom (DF);
• Sum of Squares (Sum sq);
• Mean Squares (Mean Sq);
• F-Value (F value);
• P-Value (Pr(>F));
• Explained Variability (Var Exp);
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Figure 2.47: Layout of the results for Multi-factor ANOVA.

Kruskal-Wallis Test

For results of this type, options used that can be consulted are:

• Analysis Name;
• Name of the dataset used;
• Variable used;
• P-value treshold chosen.

Figure 2.48: Layout of the dropdown menu of the options for Kruskal-Wallis Test.

As regards to the actual results, at the right of the options button, there are two buttons, which
allow the user to see the two different types of results obtained, shown below these buttons.

• Numerical results: consists on a table with the p-value, logarithm of p-value and corrected
p-value (FDR method);
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• Plot: The negative base 10 logarithm of the p-value is represented on the y axis and the
variables on the x axis.

Kolmogorov-Smirnov Test
For results of this type, options used that can be consulted are:
• Analysis Name;
• Name of the dataset used;
• Variable used;
• P-value treshold chosen.

Figure 2.49: Layout of the dropdown menu of the options for Kolmogorov-Smirnov Test.
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As regards to the actual results, at the right of the options button, there are two buttons, which
allow the user to see the two different types of results obtained, shown below these buttons.
• Numerical results: consists on a table with the p-value, logarithm of p-value and corrected

p-value (FDR method);

• Plot: The negative base 10 logarithm of the p-value is represented on the y axis and the
variables on the x axis.

Fold Change Analysis

For results of this type, options used that can be consulted are:
• Analysis Name;
• Name of the dataset used;
• Variable used;
• Metadata variable class chosen as the reference value.
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Figure 2.50: Layout of the dropdown menu of the options for Fold change Analysis.

As regards to the actual results, at the right of the options button, there are two buttons, which
allow the user to see the two different types of results obtained, shown below these buttons.

For the Numerical Results, there is a tabset panel with two tab panels:
• Fold Change Analysis: Table with the results of the fold change for all variables. Each line is

represented by a data variable, and has information on the fold change value and the base
two logarithm of the respective fold change value;

• Fold Change Analysis on Two Variables: This tabpanel is only present when this type of
analysis is chosen. It contains a table with the values of the fold change and the base two
logarithm of the respective fold change value for each group in the metadata variable chosen.
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For the Plot Results, the base 2 logarithm of the fold change value is represented on the y axis
and the variables on the x axis. The point below the threshold value are colored in grey and the
other ones in blue. This threshold can be chosen in the numerical input present at the top of the
plot.

Results/Reports available to download/save
All tables present in the Univariate Results can be downloaded or saved (if logged in) in the CSV
format.

For each of the T-test, one-way and multi-factor ANOVA, Kolmogorov-Smirnov, Kruskal-
Wallis and Fold change analyses there are HTML reports. With exception for multi-factor ANOVA,
which does not have any results in form of a plot, the users can choose to download or save (if
logged in) a report with or without the plot result.

For fold change analysis reports, they may or may not contain the results on the fold change
analysis on two variables, according to if this type analysis was done or not.

2.9.2 PCA
The layout of the results for both normal and robust PCA is the same.

For results of this type, options used that can be consulted are:
• Analysis Name;
• Name of the dataset used;
• If the dataset was scaled and/or centered

Figure 2.51: Layout of the dropdown menu of the options for PCA Analysis.
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As regards to the actual results, at the right of the options button, there are three buttons, which
allow the user to see the numerical results, set the options to make the plots and visualize the plots:

Each one of these sections is detailed below.

Numerical Results
In the numerical results, there is a tabset panel with tabs with the following results:
• Component Importance: It contains a table with information on the standard deviation,

proportion of variance and and cumulative proportion of the importance of each component;

• Scores Matrix: Table with the scores of each sample for each component. The samples are
represented in the lines and the components in the columns;
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• Variable Loadings: Table with the loadings value of each variable for each component. The
variables are represented in the lines and the components in the columns.

• Component Order: only present when the results come from a robust PCA, it contains the
order of the components

Make plots and Visualize plots

The user is able to obtain more than one different plot for each type of plot. After setting the options
for a plot and click in the button "Plot" so that the website can construct the plot, in the section
Make plots, in the section Visualize plots the users are able to see the plots constructed, by choosing
the one to see in the input located below the download buttons. After choosing the plot to display,
the plot appears below.

For each type of plot, the options to set are:

Scree - Shows the individual and cumulative percentages of the explained variance of each
principal component:

• Give a name to the plot;
• Number of components to show on the xx-axis;
• Relative font size of legend: if 0.8, it will be 80% of the normal size;
• Legend position in the plot: "Bottom right", "Bottom", "Bottom left", "Left", "Top Left",

"Top", "Top right", "Right", or "Center";
• Color of the line that represents the individual percent;
• Color of the line that represents the cumulative percent.
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(a)

(b)

Figure 2.52: Layouts of the (a) screeplot options in the Make plot section and (b) Visualize plots
section when a scree plot is selected, on the PCA analysis results page.
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K-means Pairs - Shows the pairs plot of the scores of the defined principal components, using
the K-means results for coloring the points according to the cluster they belong:
• Name of the plot;
• Number of clusters for the K-means clustering;
• Number of components to show on the plot.

(a)

(b)

Figure 2.53: Layouts of the (a) k-means pairs plot options in the Make plot section and (b) Visualize
plots section when a k-means pairs plot is selected, on the PCA analysis results page.
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Pairs - Shows the pairs plot of the scores of the defined principal components, for a chosen
variable
• Name of the plot;
• Metadata variable to plot: the plot will be also coloured according to the classes of the

metadata variable chosen;
• Number of components to show on the plot;
• Font size of the correlations values.

(a)

(b)

Figure 2.54: Layouts of the (a) pairs plot options in the Make plot section and (b) Visualize plots
section when a pairs plot is selected, on the PCA analysis results page.
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Scores Plot 3D - Shows the scores of three different principal components
• Name of the plot;
• Metadata varianle to plot: the plot will be coloured according to the classes of the metadata

variable chosen;
• Give the three components to plot.

(a)

(b)

Figure 2.55: Layouts of the (a) scores plot 3D options in the Make plot section and (b) Visualize
plots section when a scores plot 3D is selected, on the PCA analysis results page.
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Scores Plot 2D - Shows the scores of two different principal components
• Name of the plot;
• Metadata variable to plot: the plot will be also coloured according to the classes of the

metadata variable chosen;
• Give the two components to plot;
• Legend position in the plot: "Bottom right", "Bottom", "Bottom left", "Left", "Top Left",

"Top", "Top right", "Right", or "Center";
• Color palette: to color the data points according to the classes of the metadata variables

chosen;
• If ellipses should be drawn on each class of the metadata’s variable chosen;
• If samples’ names should be shown in the plot (each point corresponds to a sample);
• If the plot should be black and white instead of colored. If this options is chosen, no ellipses

will be drawn, as they can only be distinguished by the color.

(a)

(b)

Figure 2.56: Layouts of the (a) scores plot 2D options in the Make plot section and (b) Visualize
plots section when a scores plot 2D is selected, on the PCA analysis results page.
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K-means Plot 2D - Shows the scores of two different principal components, using the K-means
results for coloring the points according to the cluster they belong:
• Name of the plot;
• Number of clusters for the K-means clustering;
• Give the two plots to show;
• Legend position in the plot: "Bottom right", "Bottom", "Bottom left", "Left", "Top Left",

"Top", "Top right", "Right", or "Center";
• Color palette: to color the data points according to the clusters of the k-means;
• If ellipses should be drawn on each class of the metadata’s variable chosen;
• If samples’ names should be shown in the plot (each point corresponds to a sample);
• If the plot should be black and white instead of colored. If this options is chosen, no ellipses

will be drawn, as they can only be distinguished by the color.

(a)

(b)

Figure 2.57: Layouts of the (a) K-means plot 2D options in the Make plot section and (b) Visualize
plots section when a K-means plot 2D is selected, on the PCA analysis results page.
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Biplot - displays the samples as points, while the variables are displayed either as vectors, linear
axes or nonlinear trajectories, considering the first and second PCs as axes
• Name of the plot;
• Relative font size of the samples names in the plot: if 0.8, it will be 80% of the normal size;
• Relative font size of legend: if 0.8, it will be 80% of the normal size;
• Legend position in the plot: "Bottom right", "Bottom", "Bottom left", "Left", "Top Left",

"Top", "Top right", "Right", or "Center";
• Metadata variable to plot: the data points will be coloured according to the classes of the

metadata variable chosen.

(a)

(b)

Figure 2.58: Layouts of the (a) Biplot options in the Make plot section and (b) Visualize plots
section when a Biplot is selected, on the PCA analysis results page.
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Results/Reports available to download/save
All tables in the PCA results can be downloaded or saved (if logged in) in the CSV format.

All the numerical results can be downloaded in the form of an HTML report.

(a)

(b)

(c)

(d)

Figure 2.59: (a) A report on the numerical results on the PCA can be downloaded or saved (if
logged in) through the buttons (marked with the red rectangles) present at the top of the tab panel,
in the section "Numerical Results". An example of a report of this type is present at (b), (c), (d).

All plots generated can be downloaded or saved (if logged in) as image files.
Furthermore, an HTML report can be generated, containing the plots chosen from the ones

generated at the time:
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(a)

(b) (c)

(d) (e)

(f)

(g)

Figure 2.60: (a) A report on all the results on the PCA, inluding the plots, can be downloaded or
saved (if logged in) through the buttons (marked with the red rectangles) present at the top of the
tab panel, in the section "Visualize plots". (b) After cliking one of these buttons, a pop-up window
appears so that the user can specify which plots he wants to insert in the report. An example of a
report of this type is present at (c), (d), (e), (f) and (g).
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2.9.3 Clustering Analysis

Hierarchical Clustering

For results of this type, options used that can be consulted are:

• Analysis Name;
• Name of the dataset used;
• The distance measure used;
• The agglomeration method;
• If clustering was on samples or variables;
• Metadata variable used to color the samples in the dendogram, in case the clustering was

done on samples.

Figure 2.61: Layout of the dropdown menu of the options for Hierarchical Clustering Analysis.

As regards to the actual results, there are two buttons, which allow the user to access the
numerical results and the dendogram plot.

• Numerical Results: distance values (heights) between the formed clusters (or samples, in case
the distance is still between two samples, that form a cluster). The values are ordered from
lower to higher. The visual representation of this distances is observable in the dendogram
plot.

Figure 2.62: Layout of the dendogram section of the results for Hierarchical Clustering Analysis.

• Dendogram Plot: the dendogram plot is plotted in such a way so that no branches cross.
Also, when the clustering is on the samples, the following options can be set to personalize
the plot:

Select the metadata variables to color the leafs by: the names of the samples are coloured
according to the classes they belong to on the metadata variable chosen;

Relative font size of the samples’ names.
Name the leafs by the names of the respective samples:
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Or name the leafs by the metadata value of the respective samples. When this option is
selected, a select input appears to select the metadata variable:

K-means Clustering
For results of this type, options used that can be consulted are:
• Analysis Name;
• Name of the dataset used;
• If clustering was on samples or variables;
• Number of predefined clusters chosen.

Figure 2.63: Layout of the dropdown menu of the options for K-means Clustering Analysis.
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As regards to the actual results, there are two buttons, which allow the user to access the
numerical results and the result’s plot:

Figure 2.64: Layout of the results section for K-means Clustering Analysis.

Each one of these sections is detailed below.

Numerical Results
In the numerical results, there is a tabset panel with tabs with the following results:

• Sample’s cluster: It contains a table with the cluster to which it belongs each sample;
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• Samples per cluster: It contains a table with the samples that belong to each cluster formed;

• Centers: It contains a table with the center values of each variable in each cluster;

• Cluster Size: Contains the sizes of each cluster, i.e., the number of samples present in each
cluster formed.

Plot Results

For the plot results, a plot for each cluster is shown, with all the data values for each data variable
present across the samples of the cluster, colored in blue, and the means of those data values for
each data variable, colored in grey:
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2.9.4 Machine Learning

Model Training

For results of this type, options used that can be consulted are:

• Name of the dataset used;
• Name of the metadata variable predicted;
• Validation method;
• Validation metric;

Figure 2.65: Layout of the dropdown menu of the options for Train Models Analysis.

As regards to the actual results, if more than one model was trained, there will be a summary
table with the accuracies of all models trained in the analysis, so users can have a quick overview
of each model, at the right of the options button.

Figure 2.66: Overall layout of the Train Models Analysis results page.

Below this, there are one or more buttons, each representing a trained model. By clicking in
one of the buttons, all the results regarding the respective model are shown below. By default, the
results that are shown when the user is redirected to this page are the ones of the first model. The
results are shown in the form of tabbed panels:

• Best Model Results: contains information on the best model obtained, suchs as the perfor-
mance, parameters and confusion matrix;
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(a)

(b)

(c)

Figure 2.67: Sections regarding (a) model performance, (b) model’s parameters and (c) confusion
matrix, with an example for a pls model.

• Full Results: provides a table with all the results for the trained model, with the values of
accuracy, kappa and respective standard deviations for each combination of parameter values
tested;

• Variables’ Importance: provides a table with the importance of each variable used in the
model training;

• 3D PCA Plot: if the selected model is a PLS model whose best model has 3 or more
components, this additional tab appears. Here, you can choose in a select input three of
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the components formed to appear on the plot. The data points are colored according to the
metadata variable predicted.

• Loadings Plot: if the selected model is a PLS model, this additional tab appears. Here, you
can choose in a select input the component(s) whose loadings you want to see in the plot and
the place of the legend in the plot.

• Loadings Table: again, if the selected model is a PLS model, this additional tab appears.
Here, you can see the numeric values of the variables’ loadings for each component.
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New Samples Prediction

For results of this type, options used that can be consulted are:

• Name of the dataset used to train the model used to predict the new samples;
• Name of the metadata variable predicted;
• Characteristics of the model used for prediction: name of the analysis from which the model

comes from, name of the model, and values of the model’s parameters.

Figure 2.68: Layout of the dropdown menu of the options for Sample Prediction Analysis.

As regards to the actual results, they are presented in the form of a table, with the predicted
class for each of the new samples submitted.

Figure 2.69: Layout of the results section for Sample Prediction Analysis.

Results/Reports available to download/save

All tables in these results can be downloaded or saved (if logged in) in the CSV, MS EXCEL or
HTML format.

For model training results, a report of the results for each model trained is present in the tabs
Best Model Results and the respective options used in the analysis is available to download or save
(if logged in), at the bottom of this tab.

An example of a report of this type is as follows:
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For samples prediction, a report with the results table, the options used to perform the analysis
and the characteristics of the model used in the prediction is available to download or save (if
logged in) at the top of this page. An example of a report of this type is as follows (a and b):

(a) (b)

2.9.5 Feature Selection

For results of this type, it is possible to see the following options chosen:
• Name of the dataset used;
• Name of the metadata variable to be predicted;
• Selection method;
• Function for model fitting, prediction and variable importance/filtering;
• Validation method.
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Figure 2.71: Layout of the dropdown menu of the options for Feature Selection Analysis.

The actual results are disposed in a tabset panel:
• Results Summary: contains a brief summary of the results;

• Performance Plot: if recursive feature selection was used, this tab appears. It contains a
performance plot that shows the accuracy across the different subset sizes;

• Best Subset: contains the names of the variables that make up the best subset.
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Results/Reports available to download/save
In the Performance Plot tab, the plot image can be saved (if the user is logged in) or downloaded in
PDF format.

A report can also be saved (if the user is logged in) or downloaded, containing all the results
shown in the tab panels and the options chosen to run the analysis.

(a)

(b)

(c)

Figure 2.72: (a) A report on the results on the feature selection can be downloaded or saved (if
logged in) through the buttons present at the left of the page, below the options button. An example
of a report of this type is present at (b) and (c).
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2.9.6 Metabolite Identification
LC-MS Data

For results of this type, it is possible to see the following options chosen and used in the respective
identification:
• Name of the dataset used for the identification;
• Name of the metadata variable used to help in the identification.

Figure 2.73: Layout of the dropdown menu of the options for LC-MS metabolite identification.

The actual results are available in the form of a results table, where each line corresponds to an
identified metabolite. For each of these metabolites, there is information on:
• HMDB entry number: with a link to the HMDB webpage of the respective metabolite;
• Query and Theoretical masses;
• Retention time;
• Isotopes;
• Adducts;
• Spectra;
• Biofluids where was found;
• Adjusted p-value.

Figure 2.74: Layout of the LC-MS metabolite identification results page.

NMR Peaks

For the results of this page, again, the available options used in the respective identification are:
• Dataset used for the identification;
• PPM tolerance used;
• Number of top metabolites matched to show per cluster;



94 Chapter 2. Website Functionalities

• Parameters for the construction of clusters: correlation method, correlation value (if the value
was provided by the user), minimum number of peaks chosen for a cluster, maximum number
of peaks in a cluster (if provided by the user for the calculation of the optimum correlation
value);
• Parameters to filter the reference metabolites: frequency, nucleus, and, if used, solvent, pH

and temperature.

Figure 2.75: Layout of the dropdown menu of the options for NMR metabolite identification.

At the right of the options button, there are two buttons, which allow the user to see the different
types of results obtained, shown below these buttons:

The "Results table" option leads to a table where each line corresponds to an identified
metabolite. All metabolites identified in each cluster are here present, which can lead to repetitions
if the same metabolite matched different clusters. The information here provided for each identified
metabolite includes:
• HMDB entry number: with a link to the HMDB webpage of the respective metabolite;
• Cluster and Reference peaks that were matched;
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• The number of the cluster;
• Jaccard Index Score.

The "Results for each Cluster" option leads to more detailed information on the matches
obtained in each cluster. A select input with all the clusters obtained is available, so that the user
can see the results of the chosen cluster.

These results are organized in three boxes:
• Scores: contains the scores of the top matches. Each match is represented by the HMDB

entry, with a link to the HMDB webpage of the respective metabolite;
• Cluster Peaks: contains the ppm peaks of the cluster;
• Top Metabolites: for each match, it contains the reference ppm peaks and the ppm peaks that

were matched between the cluster and reference metabolite.

However, in case no metabolites matched a certain cluster, only two boxes, side by side, will
appear. One with the cluster peaks and the other with the message "No metabolites matched this
cluster".

So that the user does not need to enter in each cluster to know if it got macthes or not, the
clusters with no matches are followed by the message "No matches" in the select input.

Available results to save/download

The results tables are available for save (if the user is logged in) or download, in the CSV, MS
EXCEL or HTML formats.
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2.9.7 Regression Analysis

Linear Regression Analysis

For the results of this page, the available options used are:

• Analysis Name;
• Name of the dataset used;
• Metadata variables used;
• Formula used.

Figure 2.76: Layout of the dropdown menu of the options for Linear Regression Analysis.

At the right of the options button, there are two buttons, which allow the user to see the
numerical results and the result’s plot:

As regards to the numerical results, a tabset panel with the following results can be seen:

• P-values: It contains a table with the p-values of the comparisons between the classes of the
metadata variables chosen, making use of the formula specified, for each linear regression on
a data variable;



2.9 Visualization of Results 97

• Coefficients: It contains a table with the coefficient values of the comparisons between the
classes of the metadata variables chosen, making use of the specified formula, for each linear
regression on a data variable;

• R-Squared: It contains the r-squared and adjusted r-squared values for each linear regression,
represented by the data variables.



98 Chapter 2. Website Functionalities

As regards to the P-value plots results, the user is able to see a visual representation of the
results seen in the P-values tab of the numerical results with a bar plot of the negative base 10
logaritm of the p-value of a linear regression on a data variable.

Three options are available to personalize the plot:
• Choose the data variables to plot;
• Choose the color of the bars;
• Size of the text in the plot bars;

Correlation Analysis

For the results of this page, the available options used are:
• Analysis Name;
• Name of the dataset used;
• Correlation method used;
• If correlation was performed between samples or variables;
• The alternative hypothesis chosen, in case correlation tests were performed.

Figure 2.77: Layout of the dropdown menu of the options for Linear Regression Analysis.

At the right of the options button, there are two buttons, which allow the user to see the
numerical results and the heatmap of the correlations:
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As regards to the numerical results, a tabset panel with the following results can be seen:
• Correlation Matrix: It contains a table with the correlation values between the different

samples;

• Correlation Test Analysis: It contains a table with the correlation value and p-value between
the different samples.
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Furthermore, the user is able to see a Heatmap plot of the correlations between the samples, as
a visual representation of the Correlation Matrix in the numerical results:

2.9.8 Pathway Analysis

There are three sets of information for this type of results. These can be accessed through the
buttons positioned at the top of the page:
• Pathways Results: this page contains a table containing information on the pathways iden-

tified, the given compounds that are present in each of those pathways, the respective
compounds KEGG codes and the ratio between the number of compounds given in the
analysis that are in each pathway and the number of total compounds in the pathway. At the
right, you can see the pathway map of the pathway that you click to see in the table.
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• Metabolites Analyzed Information Table: this page contains a table with the KEGG and
HMDB codes for each compound. Each compound is represented by the name. Only the
compounds that have a KEGG code associated were taken into consideration for the analysis.

• Results available to download: it is in this page where you can download tables, in CSV or
MS EXCEL formats, of the tables present in the two pages mentioned above.
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3. NMR Peak Lists: Propolis

3.1 Where to find the data

The study here reproduced aimed to get insights of important features associated with the chemical
composition, seasons and geographical origin of the propolis produced in the Santa Catarina state,
in southern Brazil [1].

The samples used in this study, acquired using the NMR technique, were stored in the public
project called Propolis, under the data folder NMR Peaks Data. Regarding the metadata, the file
propolis_nmr_metadata.csv is given.

There are a total of 59 samples, 15 from autumn (AU) and spring (SP), 13 from winter (WI) and
16 from summer (SM). They were collected in 2010 from Apis mellifera hives located in southern
Brazil (Santa Catarina State). The samples are also separated in three agroecological regions for
the different apiaries: 12 samples from the Highlands, 11 from the Plain, and 36 from the Plateau.

The analysis pipeline here demonstrated followed one available in http://pubs.acs.org/
doi/suppl/10.1021/acs.jnatprod.5b00315/suppl_file/np5b00315_si_001.pdf.

3.2 Choosing the files for analysis

1. Enter your user account;
2. Copy the public project in question, named Propolis, into your account:

Go to the "Public Projects" page, accessible through the sidebar panel;

http://pubs.acs.org/doi/suppl/10.1021/acs.jnatprod.5b00315/suppl_file/np5b00315_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.jnatprod.5b00315/suppl_file/np5b00315_si_001.pdf
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Select the project in the table of the Community projects box and click the button "Import
Project";

3. Click the "Choose Files" button, present in the header panel;
4. Choose the project, data folder and metadata file in question and click the "> Next" button;
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5. This will lead to the window were the options regarding the data and metadata files are set,
so that they are read and processed correctly. In this case, the options are the default ones, so
no change is needed;

6. After clicking the "> Next" button, you will have to set the options for the alignment of peaks.
In this case, the default ones are also used, which consist in the specmine algorithm as the
method used and 0.03 ppm as the size of the step. With this, you are able to click the button
"Submit For Analysis" to finalize the submission of the data to analyse.
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3.3 Pre-process the data

After the data files are processed, the user is redirected to the "Run Analysis" page. Here, the user
will notice that no box is accessible at this point:

This happens because the dataset created by processing the files (OriginalData) has missing
values, which makes impossible to proceed with the analysis. Thus, pre-processing of the dataset is
needed.

Two different pre-processing pipelines were applied, one to be used in the chemometrics
analysis, named data_chemometrics, and the other one for metabolite identification, named data_ID.

Pre-processing the dataset for the chemometrics analysis

1. Go to the "Pre-Processing" page, accessible through the header panel;
2. Extract the data variables whose ppm values are between 0-0.19, 3.29-3.31 and 4.84-5.00;

3. Remove any variables with more than 75% of missing values;
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4. Treat missing values, by replacing them with the given value of 0.00005

5. Do logaritmic transformation on the dataset;

6. Auto scale the data;
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7. Name the dataset (data_chemometrics) and click the "Finish" button;

8. With this, the dataset being currently in use will automatically change to the newly created
dataset and, by entering the "Run Analysis" page once again, the user will notice that the
boxes are now available.

Pre-processing the dataset for the metabolite identification

1. Still in the "Pre-Processing" page, you should now set the dataset being used back to
OriginalData to start the new processing;

2. Remove the data variables between the ppm values 0, 3.29-3.31 and 4.84-5.00;
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3. Treat the missing values by replacing them with the given value of 0.00005;

4. Perform logaritmic trasnformation;

5. Auto scale the data;



112 Chapter 3. NMR Peak Lists: Propolis

6. Name the new dataset (data_ID) and click the "Finish" button.;

7. With this, the dataset being currently in use will automatically change to the newly created
dataset.

3.4 One-way ANOVA Analysis

Here, it is demonstrated how to perform a one-way ANOVA analysis, along with TuckeyHSD test,
by using the metadata variable seasons.

1. Enter the "Univariate Analysis" box in the "Results Analysis" page while the dataset being
used is data_chemometrics;
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2. Access the "One-Way Analysis of Variance (ANOVA)" tab, in the tab box located at the left
of the page. The options regarding this type of analysis will appear at the right;

3. Set the options regarding the analysis and click "Submit" button;

4. Once this analysis is finished, the website redirects the user to the corresponding results page.
For better understanding what information the results contain, go to subsection One-Way
ANOVA in section 2.9.1 .

3.5 Principal Components Analysis

To perform PCA analysis, you have to:

1. Go back to the "Run Analysis" page, through the header panel, and select the "Principal
Component Analysis (PCA)" box;

2. Select the "Normal PCA" tab, in the tab box at the left of the page. The options regarding
this type of analysis will appear at the right;

3. Set the options to perform the analysis and click "Submit" button;
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4. Once this analysis is finished, the website redirects the user to the corresponding results
page. For better understanding what information the results contain, go to subsection PCA
in section 2.9.1 .

3.6 Machine Learning

Finally, to build models to discriminate samples by seasons, do the following:
1. Go back to the "Run Analysis" page, through the header panel, and select the "Machine

Learning" box;

2. Start by giving the name for the analysis;

3. To train the two models used in the study, select the PLS and random forests models in the
following input option:
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4. Select the metadata variable seasons as the one to predict;

5. For parameter optimization, choose 20 different values to test each parameter of the selected
models;

6. For model validation, set the following options:

7. Click "Train models" button;
8. Once this analysis is finished, the website redirects you to the corresponding results page. For

better understanding what information the results contain, go to subsection Model Training
in section 2.9.4.

3.7 Metabolite Identification
To perform the identification of metabolites present in the samples, do the following:



116 Chapter 3. NMR Peak Lists: Propolis

1. Change the selected "Dataset being used", in the sidebar panel, to the dataset data_ID;

2. Now go to the "Run Analysis" page, through the header panel, and enter the box "Metabolite
Identification";

3. Set the following options to perform this analysis and click the button "Identify metabolites"
to perform the identification:

4. Once this analysis is finished, the website redirects you to the corresponding results page.
For better understanding what information the results contain, go to subsection NMR Peaks
in section 2.9.6.



4. MS Spectra: Mice Spinal Cord

4.1 Where to find the data

The study here reproduced aimed to identify the endogenous substrates of the FAAH enzyme [2].

The samples used in this study, acquired using the LC-MS technique, were stored in the public
project called Mice Spinal Cord, under the data folder LC-MS Spectral Data. Regarding the
metadata, the file metadata_lcms.csv is given.

There are a total of 12 samples, in CDF format, 6 from wild-type strains (wt) and 6 not (ko).

4.2 Choosing the files for analysis

1. Enter your user account;
2. Copy the public project in question, named Mice Spinal Cord, into your account:

Go to the "Public Projects" page, accessible through the sidebar panel;
Select the project in the table of the Community projects box and click the button "Import

Project";
3. Click the "Choose Files" button, present in the header panel;
4. Choose the project, data folder and metadata file in question and click the "> Next" button;
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5. This will lead to the window were the options regarding the data and metadata files are set,
so that they are read and processed correctly. In this case, the options are the default ones, so
no change is needed;

6. With this, you are able to click the button "Submit For Analysis" to finalize the submission
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of the data to analyse.

4.3 Pre-Process the data
After the data files are processed, the user is redirected to the "Run Analysis" page. Here, the user
will notice that, in this case, all boxes are accessible. Following this, no pre-processing is applied,
as no processing was conducted by the present study and no missing values were encountered.

4.4 T-Test
To perform T-Test analysis, you have to:

1. Enter the "Univariate Analysis" box in the "Results Analysis" page;

2. Select the "T-Test" tab, in the tab box at the left of the page. The options regarding this type
of analysis will appear at the right;

3. Set the options to perform the analysis and click "Submit" button;

4. Once this analysis is finished, the website redirects the user to the corresponding results page.
For better understanding what information the results contain, go to subsection T-Test in
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section 2.9.1 .

4.5 Metabolite Identification
To perform metabolite identification, start by:

1. Going back to the "Run Analysis" page and enter the "Metabolite Identification" box, through
the header panel;

2. Set the options to perform the analysis and click "Identify metabolites" button;

3. After the identification is concluded, the website redirects the user to the corresponding
results page. For better understanding what information the results contain, go to subsection
LC-MS Data in section 2.9.6.



5. UV-Vis Spectra: Propolis

5.1 Where to find the data

The main scope of the study here reproduced was to determine the harvest season effect on the
chemical profile of the propolis in the Santa Catarina state, southern Brazil, throughout the year
2014 [3].

The samples used in this study, acquired using the UV-Vis spectroscopy with a spectral window
from 280 to 800 ηm, were stored in the public project Propolis, under the data folder UV-Vis data
2014. Regarding the metadata, the file propolis_uvv_metadata_2014.csv is given.

There are a total of 165 samples, whose collected data is all present in one CSV file. Three
spectra were collected for each "original" sample, hence having 55 "original" samples, with each
one having 3 replicates. The "original" sample to which each sample corresponds to is specified
in the metadata variable "names" and the replicates numbers in "replicates". The samples can be
further distinguished according to the seasons from when they were collected and color of the
sample.

5.2 Choosing the files for analysis

1. Enter your user account;
2. Copy the public project in question, named Propolis, into your account, if not already, as it is

the same project for the NMR Peak Lists example in chapter 3:
Go to the "Public Projects" page, accessible through the sidebar panel;
Select the project in the table of the Community projects box and click the button "Import

Project";
3. Click the "Choose Files" button, present in the header panel;
4. Choose the project, data folder and metadata file in question and click the "> Next" button;
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5. This will lead to the window were the options regarding the data and metadata files are set,
so that they are read and processed correctly. The options to set are the following:
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6. With this, you are able to click the button "Submit For Analysis" to finalize the submission
of the data to analyse.

5.3 Data Visualization

To have an idea of what is the data being worked on, you can perform the following:
1. Go to "Data Visualization" page, through the header panel;
2. To see a summary of the data, click in the tab "Data Summary" of the tabset panel at the left

of the page;

3. You can also see a table with the data values (tab "Data Table");

4. And a table with the metadata values (tab "Metadata Table");
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5. You can also view boxplots on one or more variables, by choosing the ones wanted at the top
of the page (tab "Boxplot of the Variables");

6. Finally, as it is spectral data, you can also see a spectra plot (tab "Spectra Plot"). Here, the
plot was personalized so that the spectra are colored by the seasons and it is only shown the
values between 280 and 400 ηm.

5.4 Pre-Process the data

A pre-processing pipeline with four steps is here applied.
1. Go to the "Pre-Processing" page, accessible through the header panel;
2. Perform smooth interpolation, by selecting the method "Loess";
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3. Perform background correction;

4. Perform offset correction;

5. Perform baseline correction.

6. Name the dataset (data_processed) and click the "Finish" button;

7. With this, the dataset being currently in use will automatically change to the newly created
dataset.

5.5 one-way ANOVA Analysis
Here, it is demonstrated how to perform a one-way ANOVA analysis, along with TuckeyHSD test,
by using the metadata variable seasons, as it has more than two possible values.
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1. Enter the "Univariate Analysis" box in the "Results Analysis" page while the dataset being
used is data_processed;

2. Access the "One-Way Analysis of Variance (ANOVA)" tab, in the tab box located at the left
of the page. The options regarding this type of analysis will appear at the right;

3. Set the options regarding the analysis and click "Submit" button;

4. Once this analysis is finished, the website redirects the user to the corresponding results page.
For better understanding what information the results contain, go to subsection One-Way
ANOVA in section 2.9.1.

5.6 Hierarchical Clustering Analysis
To perform hierarchical clustering on this data, the following could be done:

1. Enter the "Clustering Analysis" box in the "Results Analysis" page while the dataset being
used is data_processed;

2. Access the "Hierarchical Clustering" tab, in the tab box located at the left of the page. The
options regarding this type of analysis will appear at the right;
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3. Set the options regarding the analysis and click "Submit" button;

4. Once this analysis is finished, the website redirects the user to the corresponding results page.
For better understanding what information the results contain, go to subsection Hierarchical
Clustering in section 2.9.3.

5.7 Principal Components Analysis
A PCA can also be performed on this dataset:

1. Enter the "Principal Component Analysis (PCA)" box in the "Results Analysis" page while
the dataset being used is data_processed;

2. Access the "Robust PCA" tab, in the tab box located at the left of the page. The options
regarding this type of analysis will appear at the right;

3. Set the options regarding the analysis and click "Submit" button;

4. Once this analysis is finished, the website redirects the user to the corresponding results page.
For better understanding what information the results contain, go to section 2.9.2.





6. IR Spectra: Cassava PPD

6.1 Where to find the data

The aim of the present study [4] was to identify and discriminate changes in the chemical and
enzymatic composition of cassava genotypes samples during post-harvest deterioration.

The samples used in this study, acquired using the IR spectroscopy with a spectral window of
4000 to 400 cm−1, were stored in the public project Cassava PPD, under the data folder IR Data
(DX files). Regarding the metadata, the file metadata_ir.csv is given.

There are a total of 80 samples were collected, 16 samples with 5 replicates each. Samples
were collected fresh (0 days of deterioration), and with 3, 5, 8 and 11 days. Samples were from
four different varieties SCS 253 Sangão (SAN); Branco (BRA); IAC576-70-Instituto Agronômico
de Campinas (IAC); and Oriental (ORI).

6.2 Choosing the files for analysis

1. Enter your user account;
2. Copy the public project in question, named Cassava PPD, into your account:

Go to the "Public Projects" page, accessible through the sidebar panel;
Select the project in the table of the Community projects box and click the button "Import

Project";
3. Click the "Choose Files" button, present in the header panel;
4. Choose the project, data folder and metadata file in question and click the "> Next" button;
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5. This will lead to the window were the options regarding the data and metadata files are set,
so that they are read and processed correctly. The options to set are the following:
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6. With this, you are able to click the button "Submit For Analysis" to finalize the submission
of the data to analyse.

6.3 Pre-Process the data

The following pre-processing pipeline should be applied to perform the analysis mentioned below:
1. Go to the "Pre-Processing" page, accessible through the header panel;
2. Convert the metadata variable representing the days of post-harvest physiological deteriora-

tion (ppds) from numeric to factor (so it can be used for the classification models in machine
learning);

3. Aggregate the different replicates of each sample in one single sample. Because there different
replicates at each days of sample collection, the sample aggregation is done according to the
ppds metadata variable;

4. Perform smooth interpolation, by selecting the method "Bin";

5. Name the dataset (data_processed) and click the "Finish" button;
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6. With this, the dataset being currently in use will automatically change to the newly created
dataset.

6.4 Correlation Analysis

To perform a correlation analysis, you could perform the following:
1. Enter the "Regression Analysis" box in the "Results Analysis" page while the dataset being

used is data_processed;

2. Access the "Correlation Analysis" tab, in the tab box located at the left of the page. The
options regarding this type of analysis will appear at the right;

3. Set the options regarding the analysis and click "Submit" button;

4. Once this analysis is finished, the website redirects the user to the corresponding results
page. For better understanding what information the results contain, go to subsection Linear
Regression Analysis in section 2.9.7.
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6.5 Feature Selection

To perform feature selection, you could do the following:
1. Enter the "Feature Selection" box in the "Results Analysis" page while the dataset being used

is data_processed;

2. Set the options regarding the analysis and click "Do Feature Selection" button;

3. Once this analysis is finished, the website redirects the user to the corresponding results page.
For better understanding what information the results contain, go to section 2.9.5.

6.6 Machine Learning

Finally, to perform machine learning, you could perform as follows:
1. Enter the "Machine Learning" box in the "Results Analysis" page while the dataset being

used is data_processed;
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2. Access the "Train Models" page through the button with the same name located at the top of
the page;

3. Set the options regarding the analysis:
Give a name to the analysis, the type of models to train and the metadata variable that

will be used to predict:

Set the parameter optimization options:

And set the model validation options:

4. Click the "Train models";
5. Once this analysis is finished, the website redirects the user to the corresponding results page.

For better understanding what information the results contain, go to section 2.9.4.
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