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Getting started

In the following, we would like to give you a quick introduction into Omics Fusion, a web
based platform for polyomics data analysis and visualization. We will show you how to
upload your data and how to start some basic analysis tools and visualization methods. Let’s
start with logging into Omics Fusion. Type in your username and password and click Log
in:

j 3 Jsername Passworc Log in

If you don’t have an account yet, simply request one at fusion-service@cebitec.uni-
bielefeld.de. It's free of charge!

After you are logged in, you have to select a project. Usually, you will have access to one or
multiple projects with your account, depending on what you requested when your account
was created. If not, please contact the email address above.

fusion test ¥ Select

Now you have successfully logged into Omics Fusion. You can now choose if you wish to
create a new experiment, or continue to work with an existing one:

Welcome to Fusion!

Whether your data is resulting from high-throughput next-generation sequencing,
high-density gene chips or liquid chromatography in combination with mass
spectrometry, Fusion enables the comprehensive analysis and a meaningful
interpretation of all your data in a combined manner.

Start your analysis by creating a new experiment or resume your work on an
existing experiment.

Create a new experiment Continue work on an experiment
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Creating a new experiment

To create a new experiment, we have to choose a name and a description. Usually, we
would want to choose a meaningful name and provide some basic information about the
data, e.g. what kind of data, which organism it is from and under what conditions it was
acquired.

Name:

Test Experiment

Create a new

experiment Description:
This is a test]]
X Cancel
Create

Once we click on Create, we will be automatically redirected to our new experiment:

Experiment "Test Experiment"
created by Benedikt Brink

Test Experiment

@® Import data This is a testl

WEnrich data

= view jobs This experiment, so far, contains no data. Please upload your first dataset by selecting the action "Import data” in the menu on the left
side

#" Edit this experiment
@ Modify access rights

Imported data and analysis results

il Delete this
experimen:

C Change the
experiment

The menu on the left provides us access to several important operations:

® Import data Import raw data into the current experiment (xIs or xlIsx files)
W Enrich data Enrich the data with information from UniprotKB, NCBI or KEGG
= View jobs List of all running, finished, and failed jobs

# Edittnis experiment  Change the name and the description of the experiment

& \iodify access rights  Gjve access to other Omics Fusion users

il Delete this . .

experiment Delete this experiment

C Change the Change to a different experiment
experiment
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How to upload data

It is quite simple, really: basically, just select an Excel spreadsheet file (xIs/xIsx) via the
Browse button, click on Import and follow the instructions.

o Each type of data (transcripts, proteins, metabolites) should be in a separate file
(multi-sheet documents are not yet supported).

e Please remove any frills and furbelows - first row should contain the headline,
continuing with data from the second row on.

o Data should be formatted as numbers, formulas in cells might lead to complications.

o After file selection and upload, first, the type of each column will need to be specified,

e.g. "name" (mandatory), "description”, "ec number" or "value".

e Second, each "value"-column will need to be explained, e.g. by assigning the factor
"time" with the levels "10min", "20min" and "30min" to three "value"-columns.

o Allimported data will afterwards be found on the experiment's page as a new dataset.
At this, we may click on Analyze, visualize, transform... to work with the data.

Specific characteristics and limitations:

¢ Replicates can simply be imported by specifying the same level for each column, e.g.
"10min". At this, it makes no difference whether each replicate has its own sheet or all
replicate values are in different columns of the same sheet.

e Annotation data such as EC numbers only needs to be imported once for each
individual feature (transcript/protein/metabolite). This can be done directly in one file
together with real data or in a separate file just containing the annotations (which
most likely speeds up the import).

o ltis possible and if applicable encouraged to assign not only one but also two (or
even more) factors with any number of corresponding levels to individual columns.
This can be set up in the following or alternatively be achieved by preparing the table
header of our Excel sheet in a particular way. The following screenshot exemplarily
describes a simple Excel file to set up a factor "strain" with the two levels "wild type"
and "mutant" as well as a factor "temperature" with the two levels "30C" and "40C".

Example spreadsheet:

o fe & =
A | B | c | D |
1 Name Strain:wt;Temperature:30C Strain:wt;Temperature:40C  Strain:mutant;,Temperature:30C | Strain:mutantTe mperature:40C
2 Transcript001 0533646472 -0,2255475362 06173142178 05183471143
_3 | Transcript002 02722488327 -09171337349 09457851515 0,1308158739
_4 | Transcript005 0,141056126 -1,0626481189 0727637912 -0,5263924843
_5 | Transcript006 01616117459 1,9013418057 -0,2087 163967 2,1857208418
& | Transcript010 -0,1759354827 -0,32090947€66 -0,0657012296 -0,0108158562
T | Transcript012 -2 4433106618 -0,7376143731 -1,212476956 -0,051554186
& | Transcript014 03746966615 18524375522 02684520721 0,0148016107
9 Transcript018 1,1542848544 -2 5602048985 -8,1542691863
I Transcript020 -0 446962507 4 -0 9857638814 -0,140137 1662 -0, 2564038685
11| Transcripi024 -0,3909584779 -0,5123711182 -0,390313488
12 Transcript025 -0,7606879273 -1,1387581025 03434446972 -1,1117290468

Example of a spreadsheet to import transcript data of an experiment comparing a wild type to
a mutant at 30C as well as at 40C degrees.



Working with an experiment

After we imported data into our new experiment or if we chose to continue to work with an
experiment that already had some data, the next page will give an overview over the
experiment. It is also the starting point for all future analysis and visualizations.

Experiment "Salt Stress B. subtilis”

created by Stefan Albaum

A Comprehensive Proteomics and Transcriptomics Analysis of Bacillus subtilis Salt Stress Adaptation (Transcriptome + Proteome Data)

This experiment contains the following types of data (click for further details):

Imported data and analysis results

=%  Raw data. measurements, abundance values for transcripts. proteins, and/or metabolites

SC— R  Analyze, visualize, transform. . Show details...

We can see that this experiment contains both transcriptomic and proteomic data, but no

metabolomics data. If we click on the respective buttons, we can browse through the raw

data. The Analyze, visualize, transform... button will bring us to the control center for all
operations in Omics Fusion:

Analyze, visualize, transform your data by selecting a method from below. Please note that some methods require multiple types of omics data
to be present (e.g. bath protein and transcript data).

Data normalization, filtering & transformation
Overview, data presentation & descriptive statistics
Visualization of functional annotation data

Information visualization

Pathway visualization & mapping

Special purpose information visualization

Inference statistics - detecting of differential regulation
Cluster & factor analysis - identification of co-regulation
Advanced cluster analysis methods

Other analysis methods

Each category contains a number of possible tasks, which we can apply to our data.



Data manipulation

There are multiple tools available to manipulate data, ranging from simple but crucial
normalization and filtering steps to transformation and missing value replacement. Data can
also be enriched by querying other databases like KEGG, UniprotKb or NCBI/Entrez.

Data enrichment

To start the process of searching other databases for functional annotations of our data, we
click on the Enrich data button, as shown on page 4. We select the type of data we want to
enrich and customize which databases should be queried. Once we are satisfied with the
setup, we click on start analysis. The process will probably take a couple of minutes - the
progress can be seen in the job list.

Configuration

Type of data @ Use alternative names? @ Remove sequence Replace existing
Transcript . identifier prefixes? @ annotations? @
Query UniprotKB? @ Query NCBI/Entrez? @ Query KEGG? @ Fetch pathway names? @
v v v v
“required parameters

Data normalization, filtering & transformation

Data normalization, filtering & transformation

== [ [ 2 =, [ (2 = _'"’L'-': = o [ 2 = = . (2 - o
L - - D -

Normalization Significance filter Missing values and replicates Transformation

MNormalize all values in a dataset Filter significant features (ANOVA) Aggregate replicate measurements Transform all values in a dataset

and replace missing values in a according to a given criteria
dataset

Start Start Start m

This panel shows all options for data normalization,

“‘ ¥ . - . - -
' filtering, missing value replacement and transformation.
These steps are crucial before we perform more advances
Threshold filter analyses on our data. Each analysis has its own options to
_ customize the process, just as shown above under Data
Require a feature to have a least . L. L. . .
one value aboverbelow a given enrichment. Once an analysis is finished, we will find the

threshold

results on the experiment home page. The raw data will
always be left untouched.



Data analysis

Omics Fusion offers tools for descriptive statistics and distribution analysis to get an
overview over the data, but also analysis of variance (ANOVA) for robust statistical testing.
Furthermore, besides other classical methods like principial component analysis (PCA),
Omics Fusion offers a hierarchical cluster analysis with automatic calculation of optimal
cluster size and cluster grouping. This hierarchical clustering can be performed on data from
multiple omics fields, grouping transcriptomic, proteomic and metabolomic data points with a
similar signature. This facilitates the discovery of similar expression patterns throughout
experiments from different omics fields. In order to perform a hierarchical clustering, click on
Analyze, visualize, transform... on the experiment page and select the Cluster & factor
analysis category.

Cluster & factor analysis - identification of co-regulation

= o — —

i e —
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Hierarchical cluster analysis -
heatmap

Use of hierarchical cluster analysis to
create a heatmap.

Start

Principal component analysis
(PCA)

Perform a principial component
analysis on a selected type of data.

Hierarchical cluster analysis -
cluster groups

Hierarchical cluster analysis with

automatic calculation of optimal
cluster size and cluster grouping.

Start

Let’s start a hierarchical cluster analysis with automatic calculation of optimal cluster size and
cluster grouping, as seen on the right. We will again have the option to change the
parameters to fit our data. We leave the standard parameters for now and after the job is
finished, the results can be found on the experiment page.

o Raw data, measurements, abundance values for transcripts, proteins, and/or metabolites

= EERCTEE  Analyze, visualize, transform... Show details. ..

] Transformation - Dez 01,2016 20:22

N b _ o = _
=S EERTTER  Analyze, visualize, transform.__ [ Delete Show details...

Hierarchical cluster analysis - cluster groups - Dez 02,2016 09:34

- fii Delete | Show details...

This view also represents the workflow: the raw data has been transformed and then a
hierarchical clustering has been performed on the transformed data.
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The hierarchical clustering automatically estimates an appropriate number of clusters based
on the Krzanowski-Lai index.
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In case of the B. subtilis salt stress example dataset, the optimal number of clusters is
calculated to be 48. The results can be explored within Omics Fusion, as well as exported
and downloaded to our local computer using the respective button in the menu on the left.

cluster #1 cluster #2 cluster #3 cluster #3 cluster #5 cluster #6 cluster #7

-3 =2 -1 0
4 -2 0
ﬁ
5 =05 0.5
4
% -4 =2 0
0.0 02 04 06 08

121 m, 171 members
T 1 T T T T 1 T T T T T T T T
A0min 120min  Omin 0min 12bmin  dmin bmin 120mn  Omin bmin 120min Omin Sbmin 120min - Gmin Sbmin 120min

cluster #8 cluster #9 cluster #10 cluster #11 cluster #12 cluster #13 cluster #14

23 mem!
T T T

]
&
g

30 -20 -1.0 00

‘g_
g_

120min

25 -15 05 05
-15 =05 05
-15 =05 05
=3 -2 -1 0
&
3
-1.0 00 05
Y
£
5
% -4 -2 0
5 05

m 100 m 1 members 67 members 132 members
| I B — T T 1 | L — T T T 1 | I B R — | L — T T T 1
omin 3tmn  120mn  Omn somn 120mn Omin somn 120min Omin somin 120mn Omin 3omin 120min Omin somn 120min Omin 3omn 120mn
cluster #15 cluster #16 cluster #17 clusier #18 cluster #19 cluster #20 cluster #21

25 -1.5 05 05
;‘
El
2 10 0.0
ﬁ
00 02 04 06 03
i
i
% =4 -2 0
-2 1.0 00
S
05 00 05
4
|
20 10 00
18

# members £
| I B — | I B R — T T T 1 | I B R — LI — I 1
Omin stmn  120mn  Omin somn 120mn  Omin somn 120min Omin somin 120mn Omin somin 1z0min Omin somn 120min Omin 30min 120min
cluster #22 cluster #23 cluster #24 cluster #25 cluster #26 cluster #27 cluster #28

-8 § -4 -2 0

2

El

25 -15 05 05

-0 -5 20

- -2 0

é

=25 =15 05 05

o

Fl

12 -8 -4 0
5 05 05

18 members 62 3 members 138 members
| I e e T T T T T T | I e e | o — T T T
Omin stmn  120mn  Omin somn 120mn  Omin somn 120min Omin somin 120mn Omin somin 1z0min Omin somn 120min Omin 30min 120min
cluster #29 cluster #30 cluster #31 cluster #32 cluster #33 cluster #34 cluster #35

1 uf
é
2 o
J
-2 ]
S
5 05 05
x
-2 -1 0
§
10 00
E
2 o
a

Detail of the clustering overview of the B. subtilis salt stress example dataset within Omics
Fusion.



Visualization methods

Omics Fusion offers an increasing number of ways to explore and visualize data. A few
examples are box plots, scatter plots, parallel coordinates or parallel sets. Beyond that, users
can choose from a number of custom visualizations that introduce new ways to look at data
from different omics disciplines. An example for that is a method termed “visual profiling”,
which allows users to manually draw an arbitrary abundance profile and find all transcripts,
proteins, or metabolites matching that prototype. To find this method, again click Analyze,
visualize, transform... on the experiment page and select the Information visualization
category.

Information visualization

=

Parallel coordinates Visual profiling Parallel sets
Compare and filter different datasets of an Draw an arbitrary abundance profile and find Parallel sets visualization technique for
experiment. all transcripts, proteins, or metabolites multidimensional categorical data.

matching that prototype

Start Start Start

We can then look for example for transcripts that are upregulated and proteins that are
downregulated in the dataset. We can draw the respective expression pattern in the
configuration panel for this analysis.

Configuration

Datasets @ Transcript @ Protein @

¥ Time: omin BNE Dsyne BENE O sne

# Time: 10min 1 1
# Time: 30min

0 0
# Time: 60min

-1 -1

« Time: 120min
Omi.  10m. 30m. 6&0m. 120 Oomi. 10m.  30m. 60m. 120

similarity measure @ Maximal number of matches: @ Plot axis scaling @ Reference feature @
Angle Distance v local v Use a specific feature as reference
« Distance not greater than...

COG Function Categories @ Pathways @

no categories available no pathways available

“required parameters

For all information visualization methods, the results are shown on the same page to
facilitate interactive exploration. We can directly change the configuration in the panel above,
if we are not happy with the result. To save a visualization, we can click on the respective
button:

Saveassvgd jpg | png
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The result of our visual profiling is shown below.

Transcripts

Omin 10min 30min 60min 120min

We also get a list of the transcripts and proteins that match the pattern and additional
information is shown when we hover the mouse over the respective entry in the list.

Proteins

~ Omin 10min 30min 60min 120min

Values: 1. 21061, 0894512534, -0 81326714, -0 753087646,

-D 48348174
Name Description Altld Dist. Annot.
purL 1.1226854 infa
fliy ! 1.1528409 info
rpsD / 1.1651363 infa
thic 1.1889869 infa
rpmc 1.2237095 infa

1 aan1nec i
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Pathway map

The pathway viewer component implemented within the Omics Fusion framework enables
the mapping of complete polyomics datasets on metabolic pathway images. Customized
pathway maps can be easily imported as SVG-files and the interactive visualization provides
different levels of highlighting important aspects of the data, including stylized icons for
different expression patterns or a heatmap representation.
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This shows the metabolic pathway of C. glutamicum with experimental data from a
heatshock experiment mapped onto it. Such a pathway has to be imported as a SVG-file,
containing additional attributes for the correct assignment of data points according to the
Systems Biology Markup Language (SBML) standard. We have several options to customize
the pathway view:

Configuration
Toggle icon

Color scheme

red-blue v
Range

[-5.5] v
View mode

Original v

Fade out

No Fade Cut  ~
Export

Save Pathway

Use expert mode
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Change the icon from = | to | |

Change the color scheme to increase readability in some cases, for
example color-blindness

Adjust the range of displayed data

Change the view mode (Improved removes unnecessary lines, Black
makes the background dark, Regulation highlights regulation patterns)

Different levels of fading out text and line elements to improve visibility of
the mapped data

Save the pathway to our local computer

Additional options to change thresholds for correlations, colours, etc.



Thank you for your interest in Omics
Fusion.

If you have any questions, please don’t
hesitate to contact us:

fusion-service@cebitec.uni-bielefeld.de

Written by: Benedikt G. Brink, Bielefeld University, bbrink@cebitec.uni-bielefeld.de

Omics Fusion lead developer: Stefan P. Albaum, Bielefeld University, alu@cebitec.uni-bielefeld.de

This work is partially funded by the German-Canadian DFG International Research Training Group
GRK 1906 and received financial support from the BMBF in the frame of the de.NBlI initiative [FKZ
031A533A]. We further wish to thank the BRF system administrators for expert technical support and
Annika Seidel, Nils Kleinbélting, Sonja Klingberg, Daniel Blume, Peter Belmann, Denis Kramer, Julia

Gierens, Stefan Biermann, Yannic Kerkhoff, Carina Wenzel and Ruben Christian Hamann for their
invaluable contributions.

13


mailto:fusion-service@cebitec.uni-bielefeld.de?subject=Fusion&body=Hi,%0D%0AI%20am%20interested%20in%20using%20Fusion.%20Please%20send%20me%20further%20information.%0D%0ABest%20regards,%0D%0A%0D%0A
mailto:bbrink@cebitec.uni-bielefeld.de
mailto:alu@cebitec.uni-bielefeld.de

