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Here we provide a few example implementations of visual analytics using the SmartR framework.
All tools shown in the figures can be accessed via the public server at http://smartR.lcsb.uni.lu

1) Dynamic Heat Map:

For a detailed list of the features for this workflow, please refer to the associated paper. This figure is
included for completeness and includes a link to a video that demonstrates the dynamic nature of the heat
map.

?\Wniwfrn

- N

o S
e\

(L2 51400 O 2 A L0203,
el = - - = N -

= -

SFig. 1 Dynamic heat map. The shown heat map is fully sortable and contains many interactive elements that are listed in detail in the
associated paper.
Video URL: https://youtu.be/kLRSOMbKuns




2) Correlation Analysis:

This workflow consists of a scatterplot, histograms for the respective axes, and a legend with statistics,
such as correlation coefficient and p-value. The scatterplot allows user interaction by area selection, which
triggers the re-computation of the correlation statistics, the regression line position, and the histograms.
The context menu, available via right-click, reveals the options to zoom, reset or exclude the selected area.
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SFig. 2 Correlation Analysis. Shown is a scatterplot with histograms for the respective axes.
Statistics and other plot elements adapt dynamically to certain user-triggered events.

Video URL: https://youtu.be/IP7vBSQsaFA




3) Line Graph:

The main purpose of the line graph is to visualize longitudinal data. Main features are the manually
sortable x-axis, which is important in case the data are not time-annotated (unordered), hover-events that
highlight certain data or reveal detailed information (s. SFig. 3), and the possibility to switch instantly
between several display modes (e.g. mean with SEM error bars, median with SD error bars, or raw data).
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SFig. 3 Line graph. Shown is a plot that visualizes machine generated time series data. Besides many visual helpers that are triggered by
mouse-over events, this visualization has a manual sortable x-axis and different methods for defining the shown timelines.
Video URL: https://youtu.be/GFCmJysbTyM




4) Boxplots:
This workflow features boxplots with a diamond-like shape that represents mean with standard deviation.
Besides the option to log-transform your data before visualization, it is worth mentioning that the

possibility exists to select and treat single rows of micro-array data as normal numerical input for this
workflow.
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SFig. 4 Boxplots. Currently this is the only visualization that is using Plotly (Plotly Technologies Inc. Collaborative data science. Montréal, QC,
2015. https://plot.ly.) as a visualization library. This is included for completeness and to demonstrate that the framework is not limited to
certain visualization libraries.



5) Volcano Plot:

This workflow helps to identify micro-array features that have both a high log-fold change and a significant
p-value. Besides a tooltip that shows the statistics for each data point, there is a table that lists all data
points with an absolute log-fold change greater than 0.5 and a p-value lower than 0.05. These values are
represented by limiters in the scatterplot, which are drag-enabled and instantly update the table on
change. Similar to the dendrogram feature in the SmartR heat map, we can launch a KEGG pathway

enrichment analysis for genes of interest.
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SFig. 5 Volcano plot. Shown is the widely known volcano plot that has been enhanced by some dynamic elements.

enabled and trigger an update for the right-hand table displaying the most significant genes.
Video URL: https://youtu.be/OxEgDs8vebY

The limiters are drag-



Show Case — Guided Analysis of Parkinson Disease (PD) dataset

In the following we will demonstrate the capabilities of the SmartR Heat Map in a show-case with the GEO study GSE7621,
which contains "Expression data of substantia nigra from postmortem human brain of Parkinson's disease patients (PD)” o

The study also contains patients without the disease, serving as a control group.
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SFig. 5 The Comparison Tab. This is our first view when lading the web page. On the left side, our data are represented in a tree-like
structure. On the right side we can, based on this data, define case and control group.
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SFig. 6a The i2b2 Tree. For this
show case, we expand the data
tree to expose case and control
group of the GSE7621 study as
shown in the figure.

SFig. 7 Defining case and control group. By dragging the respective
nodes into the two subset windows, we define our cohorts for the
following analysis. In our case, we want to compare PD subjects with
the healthy control group.
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SFig. 8 The SmartR Tab. Once our groups are
SmartR - Dynamic Data Visualization and Interaction defined we switch to the SmartR tab and select
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! Lesnick TG, Papapetropoulos S, Mash DC, Ffrench-Mullen J et al. A genomic pathway approach to a complex disease:
axon guidance and Parkinson disease. PLoS Genet 2007 Jun;3(6):e98. PMID: 17571925
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SFig. 6b The i2b2 Tree. We
further expand the tree to
show the subject gender
and the expression data.
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SFig. 9a The Fetch Tab. After selecting a
workflow, we are presented with several boxes.
These boxes can be used to assign roles to our
data nodes from the tree on the left. In this
showcase we obviously must define the
expression data we wish to analyze, but are free
to include clinical data, as we will see later.
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SFig. 9b The Fetch Tab. Again, by using drag-and-drop, we define what data we wish to include in
our analysis. Expression data are dragged to the left-most box and the two categorical gender
nodes are dragged to the right-most. As we will see in a moment, this will allow us to relate
subjects to their respective gender.
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SFig. 9c The Fetch Tab. Now we press the button “Fetch Data” and wait a moment until all data are loaded and can see a small summary
of statistics. In the background this step fetches the just defined nodes from the database and assigns the subjects to their respective

cohort that we defined earlier.
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SFig. 10 The Run Analysis Tab. Now we can switch to the
“Run Analysis” tab, where it is possible to set several
parameters to tweak the analysis script before creating
the heat map. For this show case, the default parameters
are a good choice.
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SFig. 11a The Heat Map. Once the analysis is finished
the dynamic heat map is created. Visible are the top
genes according to a differential expression analysis
executed based on the parameters of the previous
figure. Features of the heat map are introduced as
needed in the further course of this show case.
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SFig. 11b The Heat Map. In the lower right corner of the screen we can find several options that will modify our heat map on-the-fly. For
now, we want to apply a hierarchical clustering to see if we can clearly separate case and control group. The option “Hierarch.-Eucl.-Avg.”
will apply such a clustering with ‘Euclidean’ distance measure and ‘Average’ linking.
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SFig. 12 The Subject Dendrogram. Above the heat map we can see our cohorts, encoded in yellow and orange color, and the previously added
gender nodes. We can deduce two facts from this image: 1. The clustering could clearly separate our cohorts into two groups. 2. The subject
gender seems to have no correlation as to how the data are grouped.

& §
FFFEEFS

R R I R I N I I R I N I N I N N N T N r I I C IR I S

213789_at-null

1555567_s_at-LMOD3
AFFX-HUMISGF3A/M97935_MB_at-STAT1
227321 _at-GATS

225199_at-null
209797_at-CNPYZ
204293 _at-SGSH
224873 _s_at-MRPS25
24380 null

235747_at-SLC25A16
1569700_s_at-AK7
222549_at-CLDN1
229125_at-KANK4
232914 _s_at-SYTL2
1556095_at-UNC13C
235600_at-null
205357_s_at-AGTR1

206836_at-SLC6A3
216086_at-SV2C

237973 _at-null
204802_at-RRAD
202452_at-ZER1
243396_at-null
1557882_at-null
222556_at-ALGS

1570246 _at-null
244392 _at-null
235555_at-null
231188_at-ZSCANZ
228326_at-WDR27

LR A L L L A A L A A A A A A A A A A A A A A A A A A A A L A L L L L A L L A L A L A A L A A U A A A A}

SFig. 13 The Row Dendrogram. In a similar fashion the genes are well separated into two sub groups. For further analysis, we might want to
attempt to associate these genes with a KEGG pathway. By clicking the marked dendrogram node the contained leafs/genes are send to an
external service to handle this task (bioCompendium. The high-throughput experimental data analysis platform (2016). Retrieved from
http://biocompendium.embl.de/).




KEGG Pathway

ID
™ hsa05012

™ hsa04614
™ hsa00531
™ hsa05130
™ hsa00830
™ hsa04530
™ hsa04910
™ hsa04670
™ hsa05212

SFig. 14 BioCompendium. Sure enough, we see an association of these genes with the PD Pathway. Clicking the red flag
on the left side will bring us to the KEGG web service.
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SFig. 15 KEGG Pathway. Associated genes are highlighted in an image of the pathway for further interpretation or analysis.
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SFig. 16 Statistics representation. Back in the heat map, we have a look at the red bars on the left side. Based on our analysis
parameters, these bars initially indicate the adjusted p-value for the respective gene. One gene shows an extraordinary low p-value,

represented by a long bar.
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SFig. 17a Manual Sorting. By clicking the buttons around the heat map, we can manually sort by columns or rows. Sorting the columns

based on the expression values for this single gene seems to have almost no impact.
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SFig. 17b Manual Sorting. Sure enough, the previous observation is confirmed by the nearly perfect split between case

Ty

Cohort

and control group. This makes the gene a good candidate for further analysis. If one wishes to proceed from here,
clicking the name of the gene will redirect the analyst to another service, where further gene specific details are listed.
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232914 _s_at-SYTL2 0. 18 [ 0.192750772682419 | 1.39073094988046 | 7.91667882677067 | 7.95070169008901 | 4.28783980214826 |0.637298850071838 |0.000227446170772471 0.127647417596733 | 0.563645330408717
1556095_at--UNC13C 0. 3.58184067031265 |6.89611784292279 | 6.23510027019202 | 5.99118168140853 (4.4 2. 71 |0.000141 0.120828189773694 | 0.968068784974647
235600_at--null 0.376450161060039 |2.57838844077629 |5.86904884213189 | 4.26546797340319 | 3.91934008244201 |(4.39419013902884 |2.16788389744967 |0.000172306359133253 | 0.127647417596733 | 0.799285540286965
205357_s_at-AGTR1 0.275898853402348 | 2.13004431266795 |5.101 5. 4.64270157183323 |5.3 2.1 0.0000 0.f 7252 | 2.82471751289301
212224_at-ALDH1A1 0.155575975008584 | 1.94422010511397 | 4.44735146802301 | 8.96252094273373 | 8.65971053515448 | 4.77525431528467 | 1.97529345266641 | 0.0000635736075579322 | 0. 7252 |1.6430
1553328_a_at--SLC18A2 0.399271807119352 |4.52525517314364 | 8. 637 |5.32786106695321 | 5.1379 1 |5.27447: 1 (3.1 1 |0.000017 0. 7252 |2.73827264697508
205857_at--SLC18A2 0.307302071798484 | 4.5227768370151 8.20136303727345 | 6.92049391975417 | 6.66391384211598 | 4.96042304027279 | 3. 0.0000391617761396755 | 0. 7252 |2.051 3
206836_at—-SLC6A3 0. 125 (3.427 6.79676811383928 | 7.45120999946554 | 7.05539090473479 | 4.40105291544567 | 2.49701932599188 |0.000169244229574882 | 0.127647417596733 | 0.814495476126659
216086_at—-SV2C 0.176874287141326 |2.36345224828717 |6.2518962279749 |8.6917797658661 |8.5031 4 |4, 3807 | 2. 15307 [0.000175791308563416 | 0.127647417596733 | 0.782299542613199
226151_x_at-CRYZL1 0.1 1]0.153187272667031 | 1.27430414245455 | 8.51314299791171 | 8.4 4.28221013563674 |0.580169401921816 |0.000230810399700418 | 0.127647417596733 | 0.551176829011476
241758 _at-null 0.1804! 1. 4. 7626 |6.08113860087157 | 5.9518675043269 | 4.89204716924447 | 1.58« 0.1 12567086 | 0. 7252 [1. 1
241998_at--C20rf80 0.157 1.03 3.70301744178367 | 6.46836857976374 | 6.23515262421793 | 4.39578013311565 | 1.38733541113044 | 0.000171592043462583 [ 0.127647417596733 | 0.802809413318931
223766_at-LOC100133130 0. 171 0.329201517611477 | 2.03861195216509 | 6.37327883453007 | 6.4178525148859 | 5. 171 | 0.890947 0.0000201172708087966 | 0.0869878807677252 |2.61000772946124
217574 _at—-CDH8 0.144° 0. 1618605 | 3.95937230803183 | 6.27801996654448 | 6.30578816681099 | 4.69933954201581 | 1.28870311841505 | 0.0000775510307671948 |O. 722 1.4 3
225485_at-TSGA14 0.0881896009349739 | 0.356908710660954 | 2.06873449596941 | 6.77424963048349 | 6.76261457875456 | 4. 0.862570857605389 | 0.000 24317 |01 1.
228845_at-PLBD2 0.158443475958295 |0.7 799648 | 2.96249710198486 | 5.56276692326424 | 5.62175885670973 | 5.82531771735895 | 1.39382654832684 | 0.00000415306152382107 | 0.0800919778355269 | 3.92036137731063
1553549_at--VN1R2 0.514297: 1 4509 | 4.91 2.68676132207083 | 2.59693514238723 | 5. 8584844225 | 2.131126314306 0. 14 |0.0800919778355269 |3.63081991197464
235282_at--LOC100506295 0.100990458796967 | 0.414189254166524 | 2.34622100818931 | 6.37263535155339 | 6.3017705324551 5.78111297351377 | 1.0359361112711 0.0000046521632556819 | 0.0800919778355269 | 3.82680348344
antane ~ EiEAC n aln 4 o agae o & sara0 | nesse n a a

SFig. 18 Statistics Table. Finally, most of the data are displayed below the heat map in table form. The table automatically adapts to
the current sorting of the heat map rows to increase visibility. These data are also retrievable by clicking one of the buttons near the

“Create Plot” button.




