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SUMMARY:

We introduce the CorExplorer web portal, an resource for exploration of tumor RNA sequencing
factors found by the machine learning algorithm CorEx (Correlation Explanation), and show how
factors can be analyzed relative to survival, database annotations, protein-protein interactions,
and one another to gain insight into tumor biology and therapeutic interventions.

ABSTRACT:

Differential gene expression analysis is an important technique for understanding disease states.
The machine learning algorithm CorEx has shown utility in analyzing differential expression of
groups of genes in tumor RNA-seq in a way that may be helpful for advancing precision oncology.
However, CorEx produces many factors that can be challenging to analyze and connect to existing
understanding. To facilitate such connections, we have built a website, CorExplorer, that allows
users to interactively explore the data and answer common questions related to its analysis. We
trained CorEx on RNA-seq gene expression data for four tumor types: ovarian, lung, melanoma,
and colorectal. We then incorporated corresponding survival, protein-protein interactions, Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichments, and
heatmaps into the website for association with the factor graph visualization. Here we employ
example protocols to illustrate use of the database for comprehending the significance of the
learned tumor factors in the context of this external data.

INTRODUCTION:
Since its introduction just over a decade ago, RNA-seq has become a ubiquitous tool for
measuring gene expression?. This is because it enables rapid and cheap de novo profiling of the
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entire transcriptome of a sample. However, RNA-seq tumor data reflects an underlying biology
that is intrinsically complex and often under-sampled, while the data itself is high-dimensional
and noisy. This presents a significant challenge for extracting reliable signals. The CorEx algorithm
leverages multivariate mutual information to find subtle patterns in such situations?3 . This
technique was previously adapted to analyze ovarian tumor RNA-seq samples from the The
Cancer Genome Atlas (TCGA) and in this context it appeared to have significant advantages over
more commonly used analysis methods?*.

Though the use of RNA-seq is enormously widespread in research applications, including in
oncology, those efforts have not led to broad utilization for the purposes of clinical
interventions®. Part of the reason for this is a lack of user-friendly algorithms and software
targeted to these specific problems. To help bridge this gap, we have designed the CorExplorer
web portal to enable researchers from a variety of backgrounds to study gene expression factors
of tumor RNA-seq samples as found by the CorEx machine learning algorithm. The CorExplorer
portal supports interactive visualization and querying of factors from several different tumor
types including lung, colon, melanoma, and ovarian®?°, with the intent of helping researchers to
sift through the data correlations and identify candidate pathways to stratify patients for
therapeutic purposes.

We expect the CorExplorer portal may be useful to several types of users. The portal was
designed with the user in mind who wishes to understand the broad factors driving tumoral gene
expression differences in public databases and possibly also place individual gene expression
profiles in the context of tumors with similar characteristics. In addition to the representative
protocols outlined here, CorExplorer investigations may serve as a starting point to suggest
hypotheses for further testing, to compare and contrast CorEx findings on datasets outside of the
CorExplorer, and to connect pathological expression signatures of one or a few genes in an
individual tumor to larger groups that may be coordinately affected. Finally, it may serve as a
user-friendly introduction to the application of machine learning to RNA-seq for those getting
started in the field.

PROTOCOL:
1. Exploring factors containing a gene of interest

1.1. Open a web browser and go to http://corex.isi.edu, the CorExplorer home page.
1.2. On the right side under Quick Links, click on the + expand button next to Ovarian (TCGA-
OV) to see a summary of the CorEx factor graph that was trained on the TCGA ovarian cancer

data (shown in Figure 1). Optionally, click on others to compare.

1.3. Once finished inspecting the factor graphs, click on Lung (TCGA-LUAD) to access the
CorExplorer page for lung cancer RNA-seq.

1.3.1. Explore the CorEx factor graph for a gene of interest using the CorExplorer ‘Factor Graph’
window.
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1.3.1.1. Move the mouse cursor over the factor graph display window. Zoom into the factor
graph using the mouse scroll wheel or trackpad to see details of the graph such as the most
important genes in each factor and the connections between nodes at different layers.
Alternatively, click and drag to move the view area or any node.

1.3.1.2. To find a target gene (here we'll use BRCA1), click on the Gene dropdown menu at the
top of the factor graph window. Type ‘BRCA1’ to select it in the dropdown list and press Return
to make the view zoom to factor 26, the factor with which BRCA1 is most strongly correlated.

1.3.1.3. Reposition the mouse over the graph display and scroll to zoom out to see the Level 2
node, L2_8, and its associated factors that are neighbors to factor 26. Note that only genes with
weight greater than the threshold indicated on the Min link weight slider are shown.

1.3.1.4. To see all of the genes associated with the factor, click on the L1_26 node and select
Load additional genes in the pop-up window. When the word ‘Done’ appears, close the pop-up
window.

1.3.1.5. Now go back to the header section above the factor graph window and grab and drag
the Min link weight modifier. Now, as the link weight slider is moved down to 0.05, other genes
in factor L1_26, including BRCA2, will appear in weight order. Optionally, reposition nodes by
grabbing and dragging to improve layout.

1.3.2. Determine how stratification of patients with respect to the factor affects survival by
guerying in the survival window.

1.3.2.1. In the survival window, uncheck Sort by p-val, then select factor 26 in the Single Factor
dropdown menu in order to show survival curves for factor 26.

1.3.2.2. Scroll down the survival graph to show the number of patients at risk along the x-axis.
1.3.3. Find associations with biological function by querying within the Annotation window.

1.3.3.1. In the annotation window, to sort the Factor dropdown menu by factor number rather
than False Discovery Rate (FDR), uncheck FDR sort.

1.3.3.2. Scroll and click to select factor 26 in the annotation window dropdown to show
enrichment annotations for the factor.

1.3.3.3. Scroll down the annotation list until DNA repair is visible and click on it to immediately
see associated genes highlighted in yellow on the graph display. See the middle panel of Figure

2.

1.3.3.4. Note that factors disappear or appear as different GO terms are selected, according to
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whether or not they are enriched for genes with the selected annotation, e.g. ‘intrinsic
apoptotic signaling pathway in response to DNA damage.’

1.3.4. Explore the factors further by adding windows with different functionality.

1.3.4.1. From the top menu bar, add a protein-protein interaction network (PPI) window by
selecting PPl from the Add Window dropdown, then click the Add button to add a PPI graph
window to the display area. In the PPI graph window, choose factor ‘Layerl: 26’ to show the
protein-protein interactions. Note the density of connections.

1.3.4.2. From top menu bar, instead of PPI, select Heatmap from the Add Window dropdown,
then click the Add button to add a heatmap window to the display area. In the heatmap
window, choose factor ‘Layerl: 26’ to show the gene expression patterns.

1.3.4.3. Grab and reposition the heatmap window so that the survival window is also visible.
Along the top of the heatmap, observe how the orange/blue/grey colored bar corresponds to
patient risk strata on survival graph. Results are shown in the bottom of Figure 2.

2. Filtering and interpreting CorEx factors using gene weight, survival, and annotation data

2.1. Filter for factors of interest using survival and cluster quality.

2.1.1. From the Dataset dropdown menu at the top, select TCGA_OVCA to go to the
CorExplorer page for the TCGA ovarian cancer RNA-seq.

2.1.2. Once the page has loaded, note from the survival window that the factor with the largest
survival differential for different strata is 114.

2.1.3. At the top of the factor graph window select ‘Layerl: 114’ from the Factor dropdown.
2.1.4. Grab the link weight slider with the mouse and move it up to 0.5. Note that the large
number of genes in factor 114 (1609), with none having weight >0.35, indicates a relatively

weak clustering.

2.1.5. Next, expand the list of factors in the survival window and select the next best factor in
the survival window dropdown, factor 39, to show its associated survival curves.

2.1.6. Select factor 39 in the annotation window by clicking on it. The significant GO and KEGG
annotations are shown.

2.2. To gain a better understanding of the biological role of genes in factor 39, interpret the
factors using neighborhood annotation information as follows.

2.2.1. At the top of the factor graph window, select factor ‘Layer1: 39 in the factor dropdown.
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Then, move the mouse over the factor graph window and zoom out to reveal the entire L2_14
cluster with 6 factors: 14, 32, 39, 42, 52, and 82 (shown in Figure 3).

2.2.2. To understand the relative significance of the factors linked to the L2_14 node, start by
viewing survival differentials for each of the L2_14 factors. Uncheck Sort by p-val in the survival
window and then click on each of the factor numbers in succession. Doing this, note that only
factors 14, 32, and 39 display a survival association.

2.2.3. Now from the top menu bar, select PPl from the Add Window dropdown once again.
Press Add to add a PPl graph window to the display area. In the PPl graph window, select factor
‘Layerl: 52’ to show the protein-protein interactions that are significant. An example layout of
windows at this point is shown in Figure 3.

2.2.4. Click the View at StringDB link at the bottom of the PPl window to link out to the
StringDB online database. Click Continue from the first screen, then select the Analysis tab
below the network graph as before to get an online GO analysis for the PPl network genes. The
top cellular component is ‘MHC class |l protein complex.’

2.2.5. Return to the CorExplorer tab and PPl window and select factor 32, this time from the
factor dropdown. Click the link View at StringDB out to the StringDB analysis. The top cellular
component is ‘MHC class | protein complex,” in contrast to class Il for factor 52 in the previous
step!

2.2.6. Finally, go back to the PPl window and select ‘Layerl: 39’ from the factor dropdown
menu at the top. Click the link View at StringDB to link out to the StringDB analysis.

2.2.7. Click Continue from the first screen, then select the Analysis tab below the network
graph to get an online GO analysis for the PPl network genes. Observe that the top molecular
function is ‘CXCR3 chemokine receptor binding.’

3. Using survival and database annotations to look for promising therapeutic combinations

3.1. Switch to the TCGA melanoma CorExplorer by selecting TCGA_SKCM from the Dataset
dropdown menu.

3.2. Note that the factor with the largest survival differential is factor 171. Examine the factor
171 annotations by scrolling and note that ‘immune response’ and ‘cytokine-mediated signaling
pathway’ are near the top (as they were for the top ovarian factor).

3.3. To find a complementary factor, examine the top survival-associated factors along with
their top annotation terms. To do this, click on the Dataset overview link in the top menu bar
to open a separate tab containing a table with dataset processing details as well as a summary
of top factors according to p-value of the survival differential. Note that the first non-immune
factor is 88.
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3.4. Return to the TCGA_SKCM browser tab.

3.5. Select factor 88 in the survival, annotation, and graph windows. The top several GO terms
are related to ‘rRNA processing’ and ‘mitochondrion organization,” confirming it as distinct from
the immune-related factors.

3.6. In the survival window, on the paired factors dropdown, select ‘88_171’ to see how
survival is improved for patients in the middle stratum for the combined 171 and 88 expression
factors. Annotation and survival comparisons are illustrated in Figure 4.

4. Finding commonalities and differences of gene expression variation across tumor types
using the Search page

4.1. Click on the CorExplorer heading to return to the front page.

4.2. Click on Search on the top menu bar to go to a page allowing searching over all the
datasets on the CorExplorer site.

4.3. In the Gene search box, enter ‘FLT1’ (VEGFR1) and hit Return or press Search. FLT1 is found
with a relatively high weight in the following factors: OVCA - 76, LUAD - 162, SKCM - 195 and
SKCM - 184, as well as COAD - 112 and COAD - 74.

4.4. Alternatively, search for a related GO term across all the datasets. Try this in the ‘GO
Search’ box by typing ‘angiogenesis’ and hitting Return or pressing Search. All FLT1 factors, with
the exception of SKCM-195, are listed as statistically enriched for ‘angiogenesis’ genes—factor
195 does, in fact, have the annotation, but below the default 10-8 threshold. Search results for
this and the prior step are shown in Figure 5.

4.5. As further examples, in the GO search box, first type ‘epidermal growth factor receptor.’
Only LUAD is enriched for this term, a well-known stratification factor for lung cancer. Next,
type ‘mesenchymal’ in the search box. This term is enriched in gene expression groups for
OVCA, where it is a well-studied stratification factor.

REPRESENTATIVE RESULTS:

Searching for the gene ‘BRCA1’ in the lung cancer dataset reveals it to be most strongly associated
with CorEx factor 26 (Figure 2). GO term enrichment for this factor is seen to be extremely high,
with DNA repair exhibiting an FDR of only 1 x 10°. The selection also draws attention to the
second level cluster L2_8 that has six closely related factors as children. Selecting ‘DNA repair’ in
either the GO term annotations or the factor graph's GO enriched dropdown highlights
associated genes in each of the factors, with the factor 26 having by far the most, as expected?!.
The protein-protein interaction network is strongly connected, further supporting the tightly
linked functionality of the genes in factor 26. The associated survival graph suggests a possible
association with patient survival, but this would have to be confirmed in a larger dataset.
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Starting with survival can allow dissection of reasons for improved survival associated with
particular gene expression groups. As an example, the top factor influencing survival for ovarian
cancer is seen to be number 39, which is strongly enriched for genes associated with the immune
system (Figure 3). Five other factors associated with the same level 2 node are also indicated to
be immune-related, however the survival impact appears to be strongly variable among them,
with 39 being the highest and 52 being the lowest. Adding a protein-protein interaction window
for a factor shows the immediate interaction network and allows for link out to the StringDB*?
website to query various enrichments for the PPl network genes. By doing this for each of the
L2_14 factors in turn, one finds that StringDB enrichments for the PPl network genes suggest the
following possible explanation for the associations with survival. Factor 32 contains genes that
make up the major histocompatibility complex (MHC) class | protein complex, which is recognized
by cytotoxic T lymphocytes. Factor 39 corresponds to cytokine signaling and CXCR3 receptor
binding, related to CD8+ T lymphocytes. Both of these factors appear to confer a significant
survival advantage for patients exhibiting relatively high expression of the corresponding genes.
Cytotoxic CD8+ T lymphocytes are primarily responsible for anti-tumor immunity. Factor 52, on
the other hand, is comprised of genes coding for proteins in the MHC class Il complex which are
recognized primarily by CD4+ T helper cells rather than directly by cytotoxic T lymphocytes. The
remaining L2_14 factors reflect generalized immune system activation that doesn't differentiate
the two types of lymphocyte populations. A survival association specific to cytotoxic T
lymphocyte recognition of MCH class | cellular antigens is consistent with our understanding of
antitumor immunity in general and from other cancers such as melanoma?®314,

The web portal supports the discovery of pairs of factors with complementary functions that may
suggest effective tumor-specific combination therapies. The dataset overview can be scanned for
factors that show a correlation with survival yet have distinct GO enrichments. For melanoma
(TCGA_SKCM; Figure 4), it is seen that the top survival factor 171 is immune related, while factor
88 down the list shows enrichment for genes related to mitochondrion organization. Indeed, this
has been suggested as a target in melanoma®®. Adding survival windows to the CorExplorer page
allows comparison of stratification using the factor pair to that of each factor individually,
showing that favorable gene expression patterns from both groups exhibits a trend of survival
better than that for either factor alone. The top stratum does not appear to be improved
however, suggesting immunotherapy only may be the best option for some patients.

Commonalities and differences among tumors can be seen by searching across datasets for genes
or GO terms (Figure 5). As an example, FLT1 (aka VEGFR1) is a well-studied pro-angiogenic
marker'®'’. When it is put into the search bar, all of the tumors have factors in which FLT1 plays
a major role. Conversely, when the GO term ‘angiogenesis’ is input on the search page, 5 out of
6 of the FLT1 groups appear with that enrichment. All FLT1 factors, with the exception of SKCM-
195, are listed as statistically enriched for ‘angiogenesis’ genes. The sixth factor does, in fact, have
the annotation, but below the default 10-8 threshold. When the weighting within the factor list
is utilized in an alternative enrichment calculator, e.g., Gene Set Enrichment Analysis (GSEA)'8,
the sixth factor is found to be significantly enriched for ‘angiogenesis’ genes as well.
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It is important to check the heatmaps to ensure the gene expression pattern is of adequate
quality to support biological interpretations. Heatmaps that show strong clear variation may
exhibit either coordinated expression of the factor genes ranging from low to high or more
complex patterns with some genes having low expression correlated with others having high
(Figure 6). A key marker of a high-quality grouping is the presence of several genes with a smooth
variation in expression as a function of factor score. The factor heatmaps show samples ordered
according to factor score, thus there should be a smooth gradient moving from left to right.
However, this can fail to happen in at least two different ways. Most commonly, the correlations
may be extremely noisy (Figure 5C), calling into question the robustness and utility of any
inferences regarding survival and/or biological function. Also, patterns that happen only in a
small minority of samples may not conform to the model of three expression states assumed by
the CorEx algorithm, resulting in a misleading classification of the samples (right side of Figure
5D).

FIGURE AND TABLE LEGENDS:

Figure 1: CorExplorer front page. After clicking on + next to Ovarian Cancer under Quick Links,
factor graph details are shown. The CorEx hierarchical model is made up of input variables (gene
expression in this case) on the bottom layer and inferred latent factors in the higher layers.

Figure 2: Using a gene name to guide exploration. The figure shows a series of screenshots
illustrating exploration of CorEx lung cancer factors strongly related to BRCAL. First, selecting
‘BRCA1’ in the Gene dropdown box for the factor graph causes the graph view to zoom in on the
factor for which BRCA1 has greatest weight. Zooming out a bit frames the layer two node L2_8
connecting that factor to other related ones. Survival and annotations can be compared: clicking
on the GO term DNA repair highlights annotated genes. A PPl window is added to show the
network interactions for genes in the factor. Using the Add Window button to add a heat map
shows association of expression patterns with survival, suggesting increased expression of DNA
repair genes may be associated with decreased survival.

Figure 3: Using clinical data (survival) to guide exploration. Exploring the top survival-associated
factor (39) for ovarian cancer reveals interesting relationships among neighboring factors. After
selecting factor 39 in the factor graph and zooming out a bit, the layer two factor linked to factor
39 is seen to have five other associated factors. An additional survival window allows direct
comparison of the associated survival differentials. Factors 39 and 32 both show a positive
survival correlation, in contrast to factor 52, which does not. The protein-protein interaction
networks are all well-defined. Linking out to StringDB allows comparison of the GO annotations
(not shown): Factor 39 is associated with a cytokine signaling network related to cytotoxic CD8+
T lymphocyte activation and factor 32 is dominated by MHC class | antigen presenting proteins
that trigger recognition by such lymphocytes; the neighboring factors, however, are dominated
by other immune system components such as CD4+ helper T cells and show no survival
correlation.

Figure 4: Exploring top survival factors suggests potential therapeutic combinations. The
‘Datasets’ link on the home page menu bar leads to a concise table of survival factors ordered by
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p-value, along with the top GO annotation (not shown). Using this information for melanoma,
the combination of factor 171 for immune function with factor 88 for mitochondrion organization
appears complementary. The figure shows annotation windows for each of the factors side-by-
side to contrast them. Survival curves for patients stratified by the two factors individually or
together indicate that the combination increases the survival differential compared to either
factor alone.

Figure 5: The Search page facilitates pan-cancer analysis. Genes or GO biological process terms
can be searched for across all datasets using the Search link from the home page. The figure
shows search results for the gene FLT1 and the GO term ‘angiogenesis’. The results show the
presence of FLT1 in factors annotated with the term ‘angiogenesis’ across cancers.

Figure 6: Heatmaps can be used to qualitatively assess correlations among genes and samples
according to factor score. High quality gene expression relationships are shown by smooth
gradation when patients are ordered by factor score in the heatmaps. The leftmost heatmap for
factor 18 is one example. The patterns may also encompass complex signatures of up and down
expression as in the middle large heatmap for factor 11. Lower quality patterns sometimes show
abrupt changes in expression for a subgroup of patients as in the factor 9 heatmap on the right
or simple very noisy correlations as in the factor 161 heatmap at the lower right.

DISCUSSION:

We have presented the CorExplorer site, a publicly accessible web server for interactive
exploration of maximally correlated gene expression factors learned from tumor RNA-seq by the
CorEx algorithm. We have shown how the website may be used to stratify patients according
tumor gene expression, and how such stratification corresponds to biological function and
survival.

Other webservers for RNA-seq analysis have been built. Differential and co-expression analysis
for tumors can be examined and integrated with other data types in cbioPortal'®?°. The servers
GenePattern?!, Mev??, and Morpheus?3, incorporate established clustering techniques such as
principal component analysis (PCA), kmeans, or self-organizing maps (SOMs). More innovative
efforts include CamurWeb?4, based upon an automated rule-generating classifier, and TACCO?>,
which implements random forest classifiers and lassos. The CorEx algorithm used here optimizes
multivariate information in order to find a hierarchy of factors that explain patterns in data. The
nonlinear and hierarchical factor learning appears to yield improved interpretability relative to
the linear global factors found via PCA*. Additionally, the technique's fine-grained parsing of
sample signals allows precise tumor comparisons vis-a-vis more commonly used broad subtypes.
This combination of overlapping and hierarchical factor analysis distinguishes the CorExplorer
from most other approaches and necessitates new tools for visualization and summarization.

A critical part of the CorExplorer factor analysis is the capability to explore not just several, but
over 100 factors with informative gene patterns that are placed within an overlapping
hierarchy. The CorExplorer facilitates the mining of these myriad factors for biological and
clinical associations and allows for exceptionally detailed characterization of individual tumors.
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The unsupervised learning of such a large number of factors means that not all will be relevant
to disease biology. In such a case, it is essential to either use annotations or known genes to
pull out factors of interest or search for factors associated with clinical data such as survival.
Thus, the CorExplorer allows users to implement this very important filtering step. The
presence of factor gene patterns in a tumor may even suggest an approach to personalized
oncology treatment. Further, the multiplicity of factor scores for each tumor that allows for
discovery of potentially useful therapeutic combinations.

It is sometimes the case that no significant GO annotations appear for factors highly correlated
with survival. While this may occur due to noisy or under sampled data, there are other possible
causes such as a cluster size that is too small to register significant enrichment scores or the group
being a ‘basket’ of single genes from diverse pathways without coherent biological association.
Additionally, a category of annotation different from the KEGG and GO biological process, e.g.
cellular compartment, may be appropriate. These can be accessed by linking out to StringDB as
demonstrated in the protocol. The Gene Ontology enrichment analysis on the CorExplorer site
currently does not account for the gene weighting in a factor, though this will likely be remedied
in the near future. Note a gene list option is available under ‘Add Window’ that allows for
download of the complete factor gene list for further analysis with external tools.

For the purposes of the website, CorEx was run on each of the datasets five times and the run
that resulted in the greatest overall Total Correlation was retained. Having a statistical
representation of the results of multiple runs may be more informative and is a goal for future
work. Additionally, the set of tumor types available on the server is rather small but we expect
this to expand over time according to user interest.

As outlined above, the CorExplorer visualizes CorEx RNA-seq factor relationships along with
clinical and database information, thus enabling a variety of different modes of interrogation. We
are hopeful that this tool will lead to further work to utilize the power of RNA-seq analysis for
discovery and clinical application in oncology.
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which the Author was employed at the time of the creation or all of the above. The foregoing rights may be exercised in
of the Materials; “JOoVE” means Mylove Corporation, a all media and formats, whether now known or hereafter
Massachusetts corporation and the publisher of The Journal devised, and include the right to make such modifications
of Visualized Experiments; “Materials” means the Article as are technically necessary to exercise the rights in other
and / or the Video; “Parties” means the Author and JoVE; media and formats. If the “Open Access” box has been
“Video” means any video(s) made by the Author, alone or checked in Item 1 above, JoVE and the Author hereby grant
in conjunction with any other parties, or by JoVE or its to the public all such rights in the Article as provided in, but
affiliates or agents, individually or in collaboration with the subject to all limitations and requirements set forth in, the
Author or any other parties, incorporating all or any portion CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.


https://www.editorialmanager.com/jove/download.aspx?id=1091439&guid=b2b77648-f982-42c4-b02e-9ffcc2e5929f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1091439&guid=b2b77648-f982-42c4-b02e-9ffcc2e5929f&scheme=1

jove

VISUALIZED

4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.



jove

VISUALIZED

discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Shirley Pepke
Department:
Computational Biology
Institution: Lyrid LLC
Title: Principal Scientist
Signature: M/L_, Date: June 14, 2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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o Lyrid, LLC
, q Computational Genomics, Systems Biology
and Complex Disease Research

Philip Steindel, Ph.D.
Review Editor
JoVE

Dear Dr. Steindel,

My co-authors and | have revised our manuscript, JoVE60431 "Analyzing tumor gene expression
factors with the CorExplorer web portal," in response to the editorial and peer reviews. A
detailed list of changes to address specific points is given below.

We greatly appreciate the constructive feedback and believe the concomitant changes have
improved the manuscript significantly. We look forward to working with the JoVE staff on the
next steps for publication and video presentation.

Best regards,

Shirley Pepke, Ph.D.
Principal Scientist
Lyrid, LLC

Editorial comments:

General:

1. We have more thoroughly proofread the completed manuscript for spelling and
grammar errors.

2. William M. Nelson performed the work as an independent consultant (perhaps more
common in bioinformatics than other fields?).

3. Abbreviations are now defined at first use.

Protocol:

1. We have modified the protocol to ensure it explicitly addresses "how" each step is
performed. The individual step instructions have been limited to 2-3 actions and 4
sentences.

Discussion:

1. We have rewritten the discussion sections with the following points in mind.

a) Critical steps within the protocol - This is addressed in the 3rd paragraph. Generally,
using clinical correlation (survival) and included biological knowledge from databases to
filter the myriad factors for those most therapeutically relevant are particularly significant
steps to make best use of the portal information.

b) Any modifications and troubleshooting of the technique - We have addressed
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they might be investigated further for biological significance.

c¢) The significance with respect to existing methods - This is addressed in the
paragraph 2, where we have now cited several related works and state how the
CorExplorer differs.

References
1. The references have been uniformly formatted as requested.

Table of Materials:
1. The Table of Materials now lists the web browsers that the site was tested on and
also the details of the server configuration.

Reviewers' comments:

Reviewer #1:

Minor Concerns:

| can think of two minor issues:

- Introduction section is brief and may miss important studies in the field. There are no
mentions of other linear, nonlinear and hierarchical factor learning in cancer. So, the
third paragraph of introduction needs to be expanded.

We have cited additional other works in the second paragraph of the Discussion
section. We feel it is appropriate to restrict the comparison to online tools for exploration
of RNA-seq data based upon machine learning techniques, since the manuscript is
primarily about the CorExplorer interactive server.

- It is customary to specify the configuration of the hosted server in the manuscript for
performance concerns.

This is now listed in the Table of Materials.
- Factors related to specific genes can be searched, and they are highlighted and can
be clicked on, but that factor is not highlighted in the new window. So, it is better, if

possible, to highlight the factor in the new window

This should now be fixed.

Reviewer #2;

- Authors should extend Section "Introduction™ by taking into account other machine
learning algorithms, well known gene expression analysis methods, and alternative
portals dedicated to cancer studies.
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Paragraph 2 of the Discussion now cites some of the suggested references as well as a
few others.

- Section "PROTOCOL" is too technical and reflects more a user manual. Authors
should describe the procedure in a more readable way.

We have attempted to tweak the protocol language so that it reads a bit more like a
narrative. For instance, many connector phrases and words have been added to
smooth out the presentation. It is also more hierarchically structured for readability. For
instance, the text of the Protocol steps in sections 1 and 2 reflect the organization level
of the steps, thus are more pedagogical.

- The manuscript presents many figures, several in section "Discussion”. The figures
must be better integrated in the text and comprehensively described. Figure 1 must be
improved and the graph must be reduced so that it does not overlap to the text.

In general, | suggest to improve the presentation of the web portal by writing the
manuscript in a more clear way.

Five of the six figures are first referenced in the steps of the protocol. We have

elaborated on the relevance to the specific steps. The figure captions have been
expanded to be more explanatory. Figure 1 has been redone so there is no overlap.
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