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A walk through MetHoS

A guide through process and analysis of
mass spectrometry-based metabolomics
data.




In the following we would like to introduce you some of the
functionality of MetHoS - a web-based platform for large-scale
storage, processing and analysis of metabolomics data. This
walkthrough aims to guide through the system and demonstrate
how to reach analysis results from raw data. MetHoS is best dis-
played using Mozilla Firefox, but other browsers such as Google
Chrome can also be used.
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To log into the system, please first enter your username and
password and click on the ”Log in” button under the logo.

&  Username B cereeee Log in



Welcome to MetHoS! On the "Home” page you will notice that
you can create a project or navigate to the tabs ”Definitions”,
”Contact” and ”About” on the top left corner for more infor-
mation.
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Create a project

Navigation

# Home

When you create a project you have to give a name, select one
of the available databases and write an appropriate description.
The database will be used later during the processing in the
identification step.
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On the main "Home” page you can see all the projects you have
created or have access to.
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Create a project ExampleProject

It contalns experiments for demons
tration purposes.



The ”Definitions” and ”About” tab will help you understand
the concepts adopted by the tool and how it operates. There

a brief description on the functionality of MetHoS and which
software is integrated in order to achieve parallel processing, dis-
tributed storage and distributed analysis.
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What is a project?

Navigation What is Upload?

A project s a collaction of tasks the user has to undertake In ordor to
acquire resuls. It contains many bioogical experiments which must be
processed firsly In order to be analyzed. When creating a project, the
user can solect among three avalable databases: HMDB, MassBark and
MaliA: Fichn. Tne database will be used later for the Identification of
metabolle features.

The upload section Is where the user has to upload his experiments by
providing & name for his experiment and the replicates (mzML, mzData
and m2XML fles). Th replicates/fies need to be uploaded together
under the same name of the experiment.

What is Process?
What is an experiment?

Inthe process section the usr is abl toseect from hisproject reposiony

An experiment in MetHoS refers to a biological experiment that consists
of many biological replicates (mzML, mzDa

all three avaiabi

What is View?
In this section the user has the abilty o view the raw results which have.
boen storad Into Cassandra catabase by the KNIME workfows. He Is able
0 view al the Information of the Identified and unidentified metabolftes
of an experiment as well as the Boxplots of solected experiments and
metaboltes.

What is Edit?

I the et section, the cwner of the project can el the project
information, specifically the name and the description.

What is Analyze?

Analyze section provides the statistcal tests to analyze the results from
the diferent Knime workfiows. Currently Implemented o pincipal
Component Analysis, two clustering mathods, Pearson and Spearman
tosts as well as some basic statistics and metaboli fitering based on
mean and standard deviation values.

What is Share?

“The share section gives the opporturity to the owner of the project to
allow access (o any other desirable user
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Apache Spark

Parallel processing
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Jobs to the nodes of the computer cluster where they.

a the Object storage, where itis
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Distributed storage

‘Apache Cassandra Is responsible for the distrbuted storage of the results of a KNIME workflow across the cluster. The rost
I one Cassandra node and copled to two more to ensure rellabilty and faut tolerance.

Distributed statistics

s originated from an experiment are saved

Apache Spark Machine Learning Library is responsibie for the Implementations of several statistcal tests in a dstributed manner.



On the main project page you can see the information of the
project and some available options. The creator of the project
is the owner of the project and the only user who can give or
remove access rights of the project with the ”Share” button.
Also, the owner is the only user who has the right to edit the
name and description of the project with the ”Edit” button.

Jdl|
[illls Contact  About @ Logout

ExampleProject Upload Process

Navigation

Analyze

No data avallable n table

Showing 0o 0 of O entries Previous  Next
Edit Share

With the ”"Upload” button you can upload your experiments.
Each experiment refers to a biological experiment that may con-
sist of many biological replicates (files). The replicates must be
grouped and uploaded together for every experiment. For our
example, we have randomly selected 10 blood plasma experi-
ments of the mtbls315 study and 10 urine experiments of the
mtbls28 study of the MetaboLights database.
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After upload finishes, you will be able to see the list of exper-
iments you uploaded, as well as their replicates, on the main
panel of the project. You can also see that as soon as you have
unprocessed experiments in the project, the ”"Process” button
becomes available.
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® Log out

ExampleProject Upload Process
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View Analyze

Blological experiments

Experiment name

© Bloodplesma mebis315 2016 1 2 o
© Blood plasma mibis315 2016 10 2 o

© Bloodplasma_mtbis315 2016 2 2 o Edit Share
© Bloodpiasma_mibisa1s 20163 2 o - . <
© Bloodplasma mebis315 2016 4 2 o Y
@ Blood-plasma mibis315 2016 5 2 No ¢ ?)\Q\j
© s w1315 20166 2 It

© Bloodplesma_mivis315 20167 2 o

© Blood plasma mebis315 2016 8 2 o

© Bloodplasma mibis315.2016.9 2 o

Showing 1 to 10 of 20 experiments Previous | 1 2 Next

With the "Process” button you can select the experiments you
want to process (quantification and identification) and choose
one of the currently available workflows.
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As soon as the processing is finished, the buttons ”View” and
” Analyze” become available. With the ”View” button you are
able to observe the raw data in a form of table or represent them
in box plots.
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Raw data Box plots

") View the raw data that resulted from the knime (") Viewthe resuis of the knime workflow. Select
worifiow: Select an cxperiment and s the Identifiad experiments and metabolltes to view their boxplots.
and unldentified metaboltes

In the Box plots section you can see the distribution of metabo-
lites in the selected experiments. A list of all the metabolites
that are present at least once in at least one experiment is pre-
sented on the right. You can select any metabolite of this list
and observe the boxplots with the outliers. Selecting the check-
box ”Show metabolites” will present all the metabolites that are
within the quartiles. In this specific example, you can see that
the metabolite ()-4-Methylene-2-pyrrolidinecarboxylic acid has
a bigger distribution in the blood plasma experiments than the
urine experiments.
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Navigation ¢ - Metabollte name
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(-4-Methylene-2-pymolidinecarborylic acid
O-Rollipyriole
(+)15_16.Dihydroxyoctadecanoic acid
(+)6-Hydroxy-2_6-dmethyl-7-octen-d-ane

(repicate

sulfate
(226 24R) Stigmasta 4 22 dienc3 6.dlone

(2E_SE_127_152)-1 Hydroxy-2_5_12_15-henelcos.
atetraen-d-one

(3beta_dalpha_Salpha)-4-Methyl-8(14)-cholestan
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Showing 1 to 8 of 39,919 mataboltes of the selected
experiments

proviows | 1| 2 4990 Next

Search:
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Index

Show metsbaites Blood-plasma_mibis315_2016_3
Urine_mtbis28 2014 1
Analyze Blood-plasma_mtbis315_2016 2

Blood-pias

531520165

Blood plasma mtbls315 2016 1




With the ” Analyze” button you can perform several statistical
tests such as PCA, clustering and more.
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An unsupervised statistical method for reducing high.
dimensiona data while retaining trends and pattems
It can uncover relationships amongst sets of
replicates or experiments.

Pearson

A statistical testfor measuring the linear correlation
between variabies. It gives Information about the
magnitude of the association, o correlation, as well
a5 the direction of the relationship.

Clustering

(") Ataskfor grouping objects. Experiments, replicates
‘and metabolites with high similrity are expected to

be found In the same cluster or group.

Spearman

Atechnique which can be used to summarise the
strength and direction betueen variables. It assesses
how wellthe relationship between two varlables can
be described using a monatonic function.
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Basic statistics Metabolite Filtering

") Astatistical method that computes the difference of
the standard deviation and mean of each metabolite
n two defined groups of experiments;

Astatistical method that computes the mean and
standard deviation values of each metabolite,
common or uncommon, across selected experiments.
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For most of the analysis tests you have the choice to select all
or specific metabolites and handle missing values imputation
by omitting or replacing them with the zero, mean or median
values. Furthermore, you are able to define the depth of your
analysis by choosing the level depending on what you want to
focus on, e.g. experiments, replicates or metabolites.
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. Identified  Unidentified  Workflow © all metaboltes
it metaotes
Q 38366 24696 Default
Blood-plasma_mtbls315 2016 9 38279 24887 Defauit
Urine_mibls28 2014 9 17506 2138 Defautt Analysis on:
© experiment level
Blood-plasma_mtbls315_2016_10 38629 25470 Default
repicata el
@ Blood-plasma_mtbls315 2016 6 38314 26890 Defauit metabolite level (top 16.000)
Urine_mibls28_2014_4. 23088 5876 Default
@ Urine_mtbls28 2014 5 16541 2249 Defauit
Urine_mitbis28 20148 20070 3713 Default
Urine_mtbls28_2014_7 22352 4660 Default
@ Urine_mtis28 2014 1 18800 3522 Default
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Normalization(z-score):
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Following, you can see the results of a PCA of all 20 experiments
on all metabolites in experiment level. The missing values are
replaced with the mean and normalized. The metabolites that
were replaced by the mean are presented as a list on the right
side as well as the total number of metabolites and experiments
that participated in the analysis. If you hover over the plot you
will see the names of the experiments while also you can zoom
in the plot or select any experiment of the list on the right side
to highlight it. In this example, we can see that there are two
distinct groups, one with all the blood plasma experiments and
one with all the urine experiments.
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PCA on experiment level on all metabolites Metabolites whose missing values were replaced with mean
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Metabolite name

({225 Tetradacenyjeyclobutancne
(11 Methyhexadscaroc acid

(1 _a-Nonanediol dicetate

(-2.2-Methylropythiazoliine

(1-2.(3.4 Dinydroxyphenyi)-1 3-benzociorole 5 carboxaldehyde
(-2-8utythiazolcine

(12-Dodecyleyclobutanone

0-2-Heptanal
(-2-Methy1-3-2-methylpheny lpropanal

(1-2-Methyl-3-(4-methylphenyjpropanal

Snowing 1 to 10 of 30,223 metabolites

pevious | 1|2 3 4 s 3023 Next

PC1: 49.578%
PC2:26.701%

Reset

PCA iz based on 40052 metabolites and 20 experiments.




Thank you very much for your interest
in MetHoS.

If you have further questions please do not hesitate to contact us.
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