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Step 4: Merging of Results into a Biological Context



Introduction

Microarray mining is a challenging task because data mirror the intrinsic superposition of
several biological processes. General aims of microarray analysis include classification and
diagnostics of samples, gaining insight into metabolic pathways and regulatory networks and
finally learning more about disease mechanisms.

The general goal in microarray analysis
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Biological functionality is not directly evident from microarrays

Microarray results reflect a multitude of simultaneous cellular processes although only
subsets of expression changes are directly caused by the experimental conditions.
Therefore, a major task for an in-depth analysis is to identify genes whose expression
changes due to the experimental setup and distinguish them from effects of biological
diversity or the general stress response of the cell.

In this tutorial, we present an integrated strategy for a biological evaluation of relationships
between significantly regulated genes. The procedure is based on a combination of
statistical, literature, and promoter analysis and aims at establishing gene regulatory
networks on the molecular level.

No single method could solve the task for the following reasons:

Statistical analysis reveals mRNA with significantly changed expression levels but fails to
assign these changes to biological events. Projecting microarray data onto pathway
information from literature allows association of genes with biological processes, but is
restricted to current knowledge and fails to select those genes that are directly pertinent for
the experimental conditions. Promoter analysis is capable of revealing targets of
transcriptional co-regulation but cannot discern molecular mechanisms of regulation directly
from the initial microarray data.

We use the principle of biological consistency and comprehensiveness to complete the

picture by combining these methods, which also allows for the integration of genes missed
by individual methods.
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Practical example:
Influence of Prednisolone treatment on the lymphobl ast transcriptome in ALL
patients

In this tutorial, Genomatix presents a strategy for microarray mining based on the
combination of:

Statistical significance analysis of gene expression

Literature mining

Promoter analysis

Hardware recommendations:
The Chiplnspector analysis in this example is a memory intensive process. We recommend
having 2 GB of RAM installed.

The strategy is illustrated by a stepwise analysis of publicly available microarray data (a
comparison of the transcriptome of peripheral lymphoblasts of juvenile acute lymphoblastic
leukaemia (ALL) patients 24 hours after onset of Prednisolone treatment with control
samples taken ahead of treatment).

To reproduce the analysis the Affymetrix raw data files can be downloaded from the NCBI
Gene Expression Omnibus site at:

http://www.ncbi.nim.nih.gov/geo/

Enter accession humber GSE2677 in the Query — Datasets entry field and click “GO”. On the
next page, follow the “Supplementary Files” download link, download the archive file
GSE2677_RAW.tar, which contains the compressed raw data files (in *.gz format). Unpack
and uncompress the files to *.CEL format. Please note that for this tutorial only 26 of the 39
files in the package are used (13 files representing 24h after onset of treatment and 13
control files). To facilitate classification during the analysis, rename these *:CEL files
according to the list below (the assignment can be found by clicking the “more...” hyperlink
on the GSE2677 overview page, and then the “Show all...” link in the “Samples” section).
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File name

GSM51674.CEL
GSM51676.CEL
GSM51677.CEL
GSM51679.CEL
GSM51680.CEL
GSM51682.CEL
GSM51683.CEL
GSM51685.CEL
GSM51686.CEL
GSM51688.CEL
GSM51689.CEL
GSM51691.CEL
GSM51692.CEL
GSM51694.CEL
GSM51695.CEL
GSM51697.CEL
GSM51698.CEL
GSM51700.CEL
GSM51701.CEL
GSM51703.CEL
GSM51704.CEL
GSM51706.CEL
GSM51707.CEL
GSM51709.CEL
GSM51710.CEL
GSM51712.CEL

The software used for the first two steps in the analysis, Chiplnspector and BiblioSphere
PathwayEdition, are Java-based tools, which you can download from the Genomatix website:

Rename to
GSM51674 24 24.CEL
GSM51676_24 0.CEL
GSM51677_13 24.CEL
GSM51679_ 13 0.CEL
GSM51680 17 24.CEL
GSM51682 17 0.CEL
GSM51683 31 24.CEL
GSM51685 31 0.CEL
GSM51686_32 24.CEL
GSM51688 32 _0.CEL
GSM51689 33 24.CEL
GSM51691 33 0.CEL
GSM51692 37 24.CEL
GSM51694 37 0.CEL
GSM51695 38 24.CEL
GSM51697_38 0.CEL
GSM51698 40 24.CEL
GSM51700_40_0.CEL
GSM51701 43 24.CEL
GSM51703 43 0.CEL
GSM51704 20 24.CEL
GSM51706_20 0.CEL
GSM51707_25 24.CEL
GSM51709 25 0.CEL
GSM51710 2 24.CEL
GSM51712 2 0.CEL

http://www.genomatix.de/download/

Genomatix offers separate downloads for BiblioSphere PathwayEdition and Chiplnspector.
To install and configure the tools, follow the installation instructions in the manuals that you

can download from the site above.
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Workflow of the project:

1. Find statistically significant transcripts ( ).

2. Map significantly regulated transcripts to genes and focus on biologically relevant
subgroups by network/pathway mining ( P ).

3. Analyze functional groups for co-regulation ( # & $ package)
and find additional potentially co-regulated genes ( ).

4. Merge regulated genes and promoter database scan results into a biological context

SAM statistics on single probes Regulated Genes Sharing Common Framework I
Probe to transcript mapping

Siagnificant Transcripts j / 1

== [ Modelinspector|

Regulated Genes

Genes Sharing Common Framework

Bioloagically Relevant Subagroups ' Promoter Database Scan

Gene2Promoter | FrameWorker|

Promoter Sequences ' > Common TFBS Patterns (Frameworks) i

Network/Pathway Mining
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Step 1: Statistical Analysis

SAM statistics on single probes
Probe to transcript mapping
Significant Transcripts I

In contrast to the commonly used probe set approach, Chiplnspector uses single probes as
the basis for statistical analysis, which is more sensitive and thus usually detects more
differentially expressed genes than conventional methods. Our own probe quality check
ensures that only those probes that map perfectly and uniquely on the relevant genome are
used and that probe-to-transcript association is up-to-date.

When Chiplnspector starts, a login screen asks for your Genomatix account credentials.
Please enter your user name and password.

A wizard is provided on the welcome page to guide you through the creation of a project, the
data import and the analysis. Click the “Chiplnspector” logo in the “Available modules”
column. If you deactivated the “Welcome” page, you can re-enable it in the Help menu.

Click
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Enter a name for the new project (e.g. “ALL Demo”) and click “Finish”.

Alternatively, you can use the toolbar to create a new project, open a project or select a new
action.

In the next step, the raw data files are imported. The wizard opens this dialog automatically.
Choose “CEL-File Import” for Affymetrix or “Tabular File Import” for other platforms. Please
choose “Cel-File Import” for this example and click “Next”.
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Click

Use the upper “Browse...” to navigate to the folder where the data files are located.

Choose the appropriate data files in the FileChooser dialog to import the raw data files into
the project. Navigate to the directory where your downloaded, unpacked and renamed raw
data files are located. You should have 13 files ending on _24.CEL (representing samples
taken 24 h after onset of Prednisolone treatment) and 13 files ending on _0.CEL
(representing control samples taken before onset of the treatment). Select all of them, a total
of 26 files.

Click “Open”.
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The program will attempt to recognize the chip type. You may have to select the chip type
manually if it is not recognizable from the data file. In this case, the Human HG-
U133 Plus_2 chip is recognized.

Click” Next”.

The data files are imported into the project. Click “Finish”.

The files are quality checked for legibility of the data and signal intensity distribution. By
selecting one or more imported data files in the “Projects” Window and right clicking, you can
select the action “Show Unique Probe Statistics” and view a low-level assessment of the raw
data. The displayed values give an estimate whether the raw data files in the analysis have
comparable expression levels. By right clicking the graph, you have access to zooming
functions.
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The wizard now presents the “New Analysis” workflow. If not, please select File "New
Action".

You are asked to choose the appropriate statistical assay. Please choose “Treatment/Control
Pairing” for this example.

Click “Next”.
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Please provide a name for the analysis, e.g. “24 vs Oh exhaustive”.

Click “Next”.

The data files for the project are presented in the central file list.
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Click

Select the control files, the 13 files ending with “_0” and associate them with the “Control” list.
Then select the 13 files ending with “_24" and associate them with the “Treatment” list.

Click “Next”.
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Choose the file “Combination Type” for the statistical analysis. For this example, choose
“Exhaustive”. The files will be matched exhaustively, that is, each file in the treatment group
will be compared to each file in the control group, resulting in 169-file combinations total in
this analysis.

Click “Next”.

The program gives an overview of the progress. When the analysis is finished, click “Finish”.

The project management panel shows the currently
open projects and analyses in a tree structure. Right-
clicking on an item in the tree opens a context menu for
performing actions on the respective object such as data
import or starting a new analysis
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Chiplnspector displays a table with the analysis results. The “Probes” table shows the
significant single probes detected on the chip ordered by chromosomal position. For each
single probe, the following information is displayed from left to right: chromosome number,
start position of the probe on the chromosome, length of the probe, strand where the probe is
mapped to, statistical significance score of the probe in the experiment, significant region into
which this probe is grouped, the transcripts to which this probe is assigned and the fold
change (log,) that this probe shows in the experiment. You can retrieve the gene information
for the chromosomal location by highlighting one of the columns in a row followed by
pressing the LE2228 | putton.

Select “Window” item to see a list of display options.
When a table cell is selected, the corresponding
information is updated in the other windows. The list is
filtered according to the filter settings in the “Probe
Filters” window.
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As soon as the statistical analysis is completed, the significance curve is displayed:

The blue curve plots the mean observed ratio of treatment and control from all comparisons
for each single probe over the expected ratio, which is calculated as the average ratio
between single probe expression values that have been randomly assigned to treatment and
control groups, in 100 permutations.

The black line represents observed = expected; the red lines represent observed = expected
+ Delta. Delta is a threshold value; the change in the expression of a single probe (feature) is
considered significant if observed > expected + Delta (for positive values of expected), or if
observed < expected + Delta (for negative values of expected).

The False Discovery Rate (FDR) is estimated for a given Delta by dividing the average
number of features that are called significant in randomly permutated comparisons (the
falsely called features) by the number of significant features resulting from the “true”
treatment-control assignment. By default, Delta is chosen such that the median number of
falsely called features is zero, resulting in an FDR of 0.0%.

For a detailed description of the algorithms, please refer to Tusher et al. (2001).

significant

- not significant

significant

Lowering the absolute value of Delta will result in greater numbers of significant features, but
also in a higher FDR. FDRs of up to 5% are often considered acceptable.

You can adjust the Delta values for up- and down-regulated features independently by
moving the sliders in the “Probe Filters” view. The Default Value button resets the values to
the default. For this tutorial, please leave the Delta values at the default levels.

Click the “Transcripts” tag in the table header to display the transcripts that are associated
with the probes in the list.
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The significant probes are mapped to the transcripts (this takes only a few seconds), which
are then displayed in a list. By default, each transcript has to be covered by a minimum of
three significant probes to be included in the result list. The average log, of the expression
ratios of the mapped significant probes is displayed for each transcript. You can open the
annotation for a selected transcript by pressing the LEE2=# 1| phuytton. You can change both
probe coverage and log; ratio threshold by clicking the respective controls. However, it is not
recommended to lower the probe coverage threshold below the default value, as this can
raise the number of false positives significantly. To export the list for the next step in the
analysis, please leave the Probe Coverage at three and set the log, “Fold Change Upper
Cut-off” and “Lower Cut-off” to 0.3 and -0.3, respectively. Then select “File — Export” and
choose BiblioSphere data export.

In the Save dialog, select a directory and enter a file name, e.g. “ALL_24vsOh_exh” and click
the Save button.

We will also need a list of the transcripts that are significantly regulated in the microarray
experiment. Please select “File — Export” and choose “Export whole tab”. In the Save
dialog, select a directory and enter a file name, e.g. “ALL_24vsOh_exh_transcripts”.

Clicking the accession number will update the “Alternative Transcripts” window and display a
graphical representation of all alternative transcripts at this locus. For example, sort the list
by gene symbol by clicking the respective column header. Scroll down to NPM1, the gene
coding for nucelophosminl, and click one of the two accession numbers. The graph looks
like this:
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The single probes in the figure above are slim dark blue columns (significantly down
regulated). Significantly up regulated probes would be dark red. If the probes were not
significantly regulated, they would appear light blue or light red. Their heights indicate the 2-
based logarithms of their expression ratios. The significant probes map to exons (green) in
the first and fifth transcripts; whereas, they map to introns (grey) in the second, third and
fourth transcripts. Thus, evidence is present that the observed changes in gene expression
are due to the first and/or fifth transcript, but not to the others.

The Genome Browser shows the genome annotation at the specified locus. Elements on the

forward strand are displayed above the black line; the elements on the reverse strand are
located beneath the black line.
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The following graph displays the various functions of the Genome Browser. The significantly

down-regulated probe has been selected. This region can be displayed in EIDorado or
Matlnspector.

A digest of the comprehensive annotation from ElDorado is presented in the “Gene
Information” Window. The link behind the GenelD leads to a complete overview of the

information in the various databases on the Genomatix servers while the button “ElDorado”
leads directly to the “More Gene Info” page of EIDorado.
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Step 2: Literature Based Network Analysis

SAM statistics on single probes
Probe to transcript mapping
Significant Transcripts '

s

Reqgulated Genes

Network/Pathway Mining

Biologically Relevant Subgroups '

The genes (from now on called input genes) from step 1 are now used for a subsequent
analysis using P

BiblioSphere PE is a data-mining solution for extracting and analyzing gene relationships
from literature databases and genome-wide promoter analysis. BiblioSphere PE contains
literature data mining strategies using more than 900,000 quality checked gene names,
synonyms and Genomatix proprietary semantic relation concepts. Based on PubMed,
BiblioSphere PE currently searches over 19 million abstracts.

The aim of the analysis is to find whether there are functional sub-clusters within the input
genes and if there are transcription factors, which control the expression of these genes.
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Start BiblioSphere PE by double clicking the BiblioSphere Icon on your desktop. The
following window will open:

Click the Play button, and log in with your user name and password.

This will take you to the Project Manager page that contains the saved project folders.

Start a new project by clicking “New Project”.
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Enter a project name (e.g. “ALL Demo”) and click “Submit”. You can also add a description.

BiblioSphere PE offers different ways to input your data for analysis. For this example, start a
new analysis by clicking “File upload”.
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Enter a name for the analysis (e.g. “ALL_24vsOh_exh”), link the analysis to your newly
created project, open a search dialog by clicking the “Browse...” button and select the Excel
file containing the Gene IDs and Log fold change values (ALL_24vsOh_exh.xlIs) that you
exported from Chiplnspector. Then click the “Start Analysis” button.

After submitting the input file, you will see the “Analysis Results” window, in which the
identified and non-identified genes are noted. Click the “View Cluster Centered BiblioSphere”
link. It will take a few moments to load BiblioSphere.

A gene list containing >500 genes is displayed. To the left is a filter panel that allows you to
set various filters for your data. At the bottom of the page, the currently active filter settings
are shown.
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BiblioSphere offers a number of ontology-based hierarchical filters that are derived either
from the annotations of the abstracts that cite a gene (Medical Subject Headings, MeSH), or,
alternatively, from the annotation of the genes themselves (Gene Ontology (GO) filters and
tissue filter). You may combine any number of filters in your analysis. All hierarchical filters
are accessible in the menu under the “Filter” item. In a data driven analysis, looking for filter
terms that are overrepresented in the data set is a good way to quickly focus on those genes
that belong to a biologically highly significant group. For this tutorial, select “GO Filter:
Biological Process” from the Filter menu.

After the filter is loaded, two tabs bearing the caption “GOFilter: biological process” are
added to the view, one in the Filter panel to the left, which displays a tree view of the filter
categories, and one in the main panel that shows the categories in a table. Select the
“GOFilter: biological process” tab in the main panel; the entries are ordered by z-score
(highest scores - green - first). The z-score is a measure of the overrepresentation of a
category in the input gene set. The z-scores for each filter term are calculated by dividing the
difference between the number of genes in the input set that are annotated with this term
(column “Observed”) and the number of genes in a random sample of the same size picked
from Entrez Gene that have the same annotation (column “Expected”) by the standard
deviation of the hyper geometric distribution of the data. Z-scores above four are considered
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significant. By default, only categories with an observed number of at least four are
displayed; this excludes categories whose statistical evaluation is of limited expressiveness
due to a very low number of covered genes. You see that cell cycle associated categories
score at the top.

By clicking the header of the first row (cell cycle), the corresponding term in the hierarchical
tree view in the filter panel is selected. Click the “Filter Nodes” button to restrict the list to
genes that are annotated with the highlighted term “cell cycle” (>100 genes).

Select the “BiblioSphere Pathway View” tab in the main panel to display a network graph of
the filtered gene list.

To enable colour coding for the expression ratios of the gene nodes in the pathway view,
click the “Colour nodes by value” button (3£), move the slider in the dialog to 0.0, and press

Apply.

Genes with a positive expression ratio will be coloured orange-red, the higher the ratio, the
deeper the red colour. The vast majority of the genes are down-regulated, indicated by the
blue node colour.
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Activate the genes tab and customize the export of the cell cycle genes by selecting the
customize tab.

Deselect all column headers except identifier and column 1. Then press “OK”.

© 2009 Genomatix Software GmbH
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Press “Export Data” tab, and save the file as cell_cycle.xls. Please upload this file into
BiblioSphere. Give it atitle (e.g. cell_cycle_genes), and associate it with the Project “ALL
Demo”. Then press “Start analysis”. Now the list of cell cycle genes can be retrieved from

your Project Manager page.

Independent of this result, another approach is to look for prominently regulated transcription
factors that could control several other genes and thus be responsible for important parts of

the observed changes in gene expression.

To do this, remove the cell cycle filter from your “ALL_24vsOh_exh” analysis with the “Reset
filter” button.
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Select the “Genes” tab and “Customize” the table to show all columns. Then sort the gene
list by the log, expression ratio for each gene found in “Column 1”. The most highly up
regulated transcription factor (transcription factors are marked by “TF” in the column
“Regulatory Function™), and in fact one of the most strongly up-regulated genes of all, is
ZBTB16.

This gene codes for the promyelocytic leukemia zinc finger protein (PLZF). You can access
information on it by clicking the row header of ZBTB16; this will display all citations of this
gene in the Co-citation Browser.

From the literature, it is not only known that PLZF acts as a transcriptional repressor, but also
that it down-regulates the cell cycle. This provides a first link of information between the
observed down-regulation of cell-cycle associated genes and the up-regulation of the
ZBTB16 gene, originating from an independent source.

More evidence can be found by analyzing the genes that are co-cited with ZBTB16 in the

network. To filter the network graph for these genes, switch to the “BiblioSphere 3D” view
tab. This view displays the gene network three-dimensionally, with input genes represented
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as blue spheres. Activate both the Gene Cluster (‘B) and Gene Connections (#") options,
and select ZBTB16 from the Gene Selection List (pull-down menu) to center the graph on
this gene.

Open the zoom slider (Q), move the slider up to zoom in, and click the ZBTB16 node in the
graph to restrict the display to ZBTB16 and genes that are co-cited with it.

Switch to the “BiblioSphere Pathway View” and select the “CoCitationFilter” tab in the filter
panel. By default, the co-citation level is Abstract (BO), which allows two genes to be included
in the network if they are co-cited in the context of an abstract. Set this co-level to “GFG level
(B3)”. This stringent setting restricts the literature network to genes that are co-cited in the
same sentence, together with a function word (such as “regulates” or “inhibits”), in the order
“gene...function word...gene".
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All remaining eight genes that are directly co-cited with ZBTB16 (CCNA2, CDC2, CDK2,
DNTT, MYC, NPM1, PRC1, and RUNX1) are down-regulated. Please note that not all gene-
gene connections are shown, but only those generating a shortest path from ZBTB16 to the
other genes; expert-curated connections such as CDC2-CCNA2 take precedence. To display
all gene-gene connections, please switch the shortest path off as shown below.

Now the direct connections between ZBTB16 and CCNA2, MYC and CDK2 are displayed as
well. NPM1, MYC, DNTT, RUNX1, CCNA2, and CDC2 have a matching TF binding site for
ZBTB16 in their promoters, as indicated by the green colour of a part of the connection line.
This can also be seen by pressing the “TF Analysis” tab.
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Click any connection line in the “BiblioSphere Pathway View” to display information on the
relevant co-citations. The info panel is located in the upper right hand corner. For the
connection of ZBTB16 with CCNAZ2, it looks like this:

For each co-citation level, the number of co-citations that are present in PubMed is
displayed. Click any number to display the relevant sentences in the co-citation browser, e.g.
B3 level co-citations of ZBTB16 and CCNA2:

You can see that there is evidence from the literature for repression of CCNA2 and MYC
transcription by ZBTB16.

In the next step of the analysis, you will identify common regulatory structures in the
promoters of the cell cycle genes CCNA2, CDC2, MYC, and NPML1 that are candidate sites
for co-regulation by the PLZF transcription factor. These genes are annotated as cell cycle
genes in ElIDorado and can be found in the list of significantly regulated cell cycle genes that
we uploaded into BiblioSphere.
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Step 3: Promoter Analysis

SAM statistics on single probes
Probe to transcript mapping

Siagnificant Transcripts i

= =

Requlated Genes

Network/Pathway Mining

Biologically Relevant Subgroups !

Gene2Promoter | FrameWorker|

Promoter Seauences i ’ E Common TFBS Patterns (Frameworks) !]
—

Co-regulation of mammalian genes usually depends on sets of transcription factors rather
than individual factors alone. Regulatory sequence elements are often organized into defined
frameworks (motifs) of two or more transcription factor binding sites and clusters of such
motifs. The aim of the promoter sequence analysis is to find such transcription factor motifs
in similarly regulated genes. Therefore, the corresponding human promoter sequences for
the significantly regulated transcripts of the four cell cycle genes from step 2 are analyzed

with the # % &! system.

ElDorado is a genome annotation database, which includes promoter sequences of the
highest quality. ElDorado is based on a condensation of publicly available data plus
Genomatix proprietary annotation. It includes promoters, transcription factor binding sites,
promoter modules, scaffold/matrix attachment regions (S/MARS), and single nucleotide
polymorphisms (SNPs) as well as comparative genomics. Gene2Promoter is an interface for
querying EIDorado with multiple gene identifiers. Once you have retrieved the promoter
region from the EIDorado database use the' () software from the

$ analysis package to retrieve common frameworks in the promoter region of the
significantly regulated transcripts of the 4 cell cycle genes.
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To follow the strategy, start Gene2Promoter from the Genomatix Portal main page
(http://www.genomatix.de/cqgi-bin/eldorado/main.pl). This will retrieve and allow you to select
the input genes’ promoters for subsequent promoter analysis.

Use the default "extract and interactively analyze up to 1000 promoters. Hit the "Start"
button to get to the next step.

Select “Homo sapiens” among the organisms and enter the significantly regulated transcript
accession numbers (NM_001237, NM_033379, ENST00000316629, ENST00000395284,
ENST00000307250, ENST00000373811, NM_001786, NM_001130829, AK291939,
NM_002467, AK303921, AK312883, AK000472, NM_001037738) for the four cell cycle co-
cited genes (CCNA2, CDC2, MYC, NPM1) with matching binding sites from the network in
the keyword search box. The transcript accession numbers are found in the “Whole Tab” file
that you exported from Chiplnpsector (ALL_24vsOh_exh_transcripts.xls).

Hit the “Submit” button to get to the next step.

On the Retrieval Status page, click the “Continue” button.
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The promoters of your input transcripts are displayed in orange.
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Scroll down to the list of available tasks. Select a user defined promoter length of 1000 bp
upstream of the first TSS and 100 bp downstream of the last TSS. Then select the entry
“FrameWorker”, and click “Start Selected Task”.

FrameWorker Analysis

The first step in the search for common frameworks in the input promoters is the selection of
the matrix library. A matrix is a description of a TF binding site that takes into account how
well conserved each position in the sequence is. Generally, TF binding sites are
phylogenetically well conserved, which means that they can be divided into relatively large
phylogenetic groups. For the analysis of human promoters, we use the “Vertebrates” and
“General Core Promoter Elements” matrix groups. In this tutorial, we do not restrict the
selection to matrices associated with specific tissues.

Press “Continue”.

FrameWorker can analyse all possible combinations of alternative promoters of the input
genes (which avoids comparing alternative promoters of the same gene with one another).
Please activate this option and click “Continue”.

0
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The following screen gives you several options for FrameWorker parameters:

The quorum constraint determines the lower limit of loci within the input set that has to
contain the common framework. Please set this to 75% of loci (i.e. 3 of 4).

There are three distance constraints. The first constraint sets the maximum difference of the
distances between elements. As an example, with a variance constraint of 25, three
occurrences of a framework consisting of binding sites A and B (in that order and with
matching strand orientation), with a distance between the elements of 50 bp in one promoter,
60 bp in the next, and 70 bp in the third, will be grouped into one framework, as the
difference between the smallest and largest distances is 20 bp. If the distance was 90
instead of 70 bp in the third promoter, only the 2 occurrences with distances of 50 and 60 bp
could be grouped together. The other two distance constraints set the minimum and
maximum distance between elements.

For this analysis, please leave the distance constraints at the default values (you can of
course play with the settings and see what happens).

In the section “Element constraints”, select V$PLZF as mandatory element. Leave the other
parameters at their default setting. Click “Start FrameWorker” to start the analysis.

As soon as the results are available, please follow the appropriate link:
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The output is an overview of the results for each of the promoter combinations that are
possible.

One model containing a PLZF site is identified.

The model contains two elements, which are based on three different promoter sequences.

Please select the link for Combination 1 to open the corresponding result page. At the top of
the page, an overview of the search parameters and results is displayed.

Use the “2 elements” link to jump to the graphical representation of the identified promoter
model.
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An overview of the graph on the FrameWorker output page is shown below:

The model consists of a PLZF and an ETSF site and is found in promoters of CCNA2, CDC2,
and MYC (all cell cycle associated genes and known PLZF targets). The order of the sites is
PLZF-ETSF (both elements on the plus strand).

For this analysis, please check the “Save this model as” option for the model found with
promoter combination 7 and rename it (e.g. PLZF_ETSF) so you can easily retrieve it from
your “Personal Model Library”.

Save it by clicking the “Save selected models” button at the bottom of the page.
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Result Background and Explanation

For the analysis, the program FrameWorker in the GEMS Launcher package is used. GEMS
Launcher is a software package for DNA sequence analysis. GEMS includes software for
transcription factor binding site analysis, discovery of complex regulatory patterns,
alignments and more. FrameWorker is a software tool allowing the extraction of common
motifs (frameworks) of transcription factor binding sites from a set of DNA sequences.
Based on the statistical analysis of chip data and literature analysis, we were able to identify
a cluster of down-regulated genes that are potential targets of the transcriptional repressor
ZBTB16. Using this cluster for promoter analysis, we could identify one specific promoter
framework comprised of two TF binding sites that are common to promoters of three of four
input genes. In the next step, the promoters of all the significantly regulated transcripts from
the microarray experiment is performed in order to find matches to selected frameworks in
the promoters of additional genes. The transcripts can be found in the “Whole Tab” file that
you exported from BiblioSphere and saved as “ALL_24vsOh_exh_transcripts.xls”.
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Subsequent to the definition of a framework, it is possible to scan genomic DNA sequences
for matches of such defined transcription factor motifs. Consequently, it is possible to identify
potential target genes of defined transcription factor motifs.

In order to find additional genes belonging to the emerging regulatory network governed by
the identified framework, we need to extract the sequences of the human promoters of the
significantly regulated genes in the Chiplnspector analysis. Since there are more than 2000
significantly regulated transcripts identified in the Chiplnspector analysis, the transcripts will
need to be entered in three batches.

Please enter the transcript “Accession Numbers” into the keyword field in Gene2Promoter. A
maximum of 1000 accession numbers can be entered at a time. Please split the 2281
transcripts with gene identifiers into three batches e.g. 1-900, 901-1800, and 1801-2470.

Select a user-defined length of 1000 bp upstream of the 1% TSS and 100 bp downstream of

the last TSS, and choose the sequence output “in FASTA format” under “Save selected
promoters”.

Press “Start Selected Task”.
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Save the three batches of selected promoter sequences to your personal sequence directory
(e.g. ALL_24vsOh_exh_1 900, ALL_24vsOh_901 1800, and ALL_24vsOh_1801_2470).

The promoter sequences can be scanned with the task Modellnspector: Search for user-
defined models” from GEMS Launcher.

Modellnspector uses a library of predefined models derived from the literature or models
defined with FastM or FrameWorker to scan DNA sequences for matches. A model is
defined as a set of various individual elements (like transcription factor binding sites, repeats
and hairpins), their strand orientation, their sequential order, and their distance ranges.

By clicking the “Start this task” button, the program Modellnspector allows you to “Choose
from your previously uploaded sequences”. Please choose ALL_24vsOh_exh 1 900,

ALL_24vsOh_exh 901 1800 and ALL_24vsOh_exh_1801 2470 i.e. the 2470 transcripts from
your Chiplnspector output.

Then press the button at the bottom of the page “Load Sequence”.
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On the next page, please check “Show result directly in browser window”. When you retrieve
a model from your personal library, use the default “continue with subset selection”.

Press “Start Task”.

On the next page please select “User-defined: PLZF _ETSF and “Start Task”.
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Press “Extract GenelDs for BiblioSphere”.

Modellnspector identified 11 unique genes that contain the PLZF_ETSF framework (11130,
10018, 890, 983, 1153, 51514, 2078, 3070, 4436, 4609, and 5142) in their promoters.

Please save the GenelDs from the Modellnspector search (e.g. by copying them into
Notepad).
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Step 4: Merging of Results into a Biological Contex
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Scanning the promoter sequences from our 2470 significantly regulated transcripts identified
11 promoters containing one of the PLZF_ETSF frameworks. In the next step, we can
associate the expression values from our Chiplnspector experiment with the 11 genes

containing the PLZF_ETSF framework.

To extract the expression values for our 11 genes containing the PLZF_ETSF framework,

please click the “GEMS Launcher” button.

On the GEMS Launcher overview page, select the “Compare two lists” option, and click

“Start Selected Task”.
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Copy the Gene ID list from Notepad and paste it into the first list field:

Then go to your BiblioSphere to retrieve the list of genes from the Genes tab. The current
filter settings prevent the display of the majority of genes, but you can make them visible by
opening the 3D view tab, and activating “Show ghosts” option ().

Then, open the “Genes” tab, select all entries in the “identifier” column (make sure that the
list contains the complete > 500 entries), and copy them to the clipboard.
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Go back to your browser and copy the clipboard content to the second list field:

To include expression ratio information, switch back to the gene list in BiblioSphere, make
sure that you do not change the order of the entries, copy the contents of column “Columnl”
to the value field of the second list, and click “Compare lists”.

© 2009 Genomatix Software GmbH 44



On the output page, scroll to the section “Intersection of lists” and select it. Eleven genes are
common to both lists.

Then, scroll down to the bottom of the page, click “Export selected list to Excel”, and save the
file.

Open the saved file with Excel or an equivalent program, and delete the first row, as well as
the second column, so that only two columns containing the gene identifiers and the
expression values remain. Save the file in Excel format.

These 11 genes with their expression values can now be analyzed with BiblioSphere to find
further evidence for potential common regulation. Create a new File Upload analysis using
the saved Excel file.
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This yields a list of 11 genes, of which seven form a network at startup.

To display all 11 input genes in a concise network, select the CoCitationFilter tab, activate
the display of co-cited transcription factors (displayed with a white background in the graph),
and increase the stringency criteria for co-citations to Sentence level (B1), 4 co-cited input
genes, and 1 co-citations with one gene as shown below.
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All five of the cell cycle associated genes, MYC, CCNA2, CDC2, HELLS, and MSH2 whose
promoters contain one of the PLZF-ETSF frameworks, are down-regulated. A central co-
cited transcription factor is TP53, which was not among the significantly regulated genes in
the chip experiment.
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Evidence for cell cycle genes as regulatory targets of PLZF

Taken together, different amounts of evidence point out a number of cell cycle genes as
potential targets of the up-regulated transcriptional repressor ZBTB16 in lymphoblasts of
Prednisolone-treated ALL patients:

HELLS, a lymphoid specific helicase gene (with a cell cycle association in GO) shows a
promoter framework and is down-regulated.

MSH2, a DNA mismatch repair gene (with a cell cycle association in GO) shows a promoter
framework and is down-regulated.

MYC, CCNA2, and CDC2 have a framework in common. In addition, they are down-
regulated, and co-cited with ZBTB16.

& MYC *

CDC2

CCNA2

Downregulated
+ PLZF-ETSF framework

Downregulated
HELLS + PLZF-ETSF framework

+ ZBTB16 co-cited

The associated GO terms of VSETSF (e.g. negative regulation of cell proliferation) and
tissues (e.g. lymphocytes) provide additional evidence that the PLZF-ETSF framework is a
good candidate for a functional promoter module in this context.

In addition, the PLZF binding sites in this framework in CCNA2 and MYC are at the same
positions as experimentally verified binding sites:

Yeyati et al., 1999 describe two regions in the CCNA2 promoter that bind PLZF; the distal
one is part of the CCNA2 framework match:
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Of a number of putative PLZF binding sites (1-5) in the MYC promoter, McConnell et al.,
2003 show that only binding site 2, 1.6 kB upstream of the P2 TSS, binds PLZF, and this is
the one in the MYC promoter framework. The sequence of the PLZF site in the framework,
ACATACAGTGCACTT, is a substring of the sequence defined by the Site2F and Site2R
primers used for EMSA in that study.

If you take a closer look at the genes in the final network and gene list, you find that, apart
from the cell cycle genes from the original training set that share the common framework
(MYC, CCNA2, CDC2), HELLS, a lymphoid specific helicase gene (with a cell cycle
association in GO), MSH2, a DNA mismatch repair gene (with a cell cycle association in
GO), there are others with functions that can be relevant in this context (functional
information from EIDorado More Gene Info).

Down-regulated genes :

ZWINT, involved in kinetochore function

PDE4B, inactivates cAMP and abrogates its inhibitory effects in B lymphocytes
DTL, required for the early G2/M checkpoint, plays a role in DNA synthesis, cell cycle
progression, cytokinesis, proliferation, and differentiation

ERG, a transcription factor (binding V$ETSF); high expression of ERG is an adverse risk
factor in adult T-ALL

Up-regulated genes:

CIRBP, a potential cell cycle regulator
BCL2L11, an apoptosis facilitator
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The PLZF_ETSF framework was found on the (+) strand in CCNA2, CDC2, and MYC. We
have looked for the framework on both the (+) and (-) strands, because a framework could
act independent of orientation, suggesting an enhancer function. Although proximal
enhancers have been identified, this can only be proven with a bench experiment.
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A potential way to regulate the glucocorticoid rece ptor (GR)

After identifying several down-regulated cell cycle associated genes as potential targets of
ZBTB16, the question remains how the observed marked up-regulation of ZBTB16 can be
explained. One possibility is that a ZBTB16 promoter could be a direct target of the
glucocorticoid receptor (GR). GR is a nuclear receptor, and is predominantly localized in the
cytosol while in the inactive state. Upon binding its ligand, the ligand-receptor complex is
translocated to the nucleus where it acts as a transcriptional regulator.

Binding of nuclear receptors to the DNA frequently occurs in regions upstream of the
proximal promoter. In several instances, the functionality of glucocorticoid response elements
has been shown to depend on the presence of other TF binding sites in cis-regulatory
modules (Schoneveld et al. (2004)). In order to find conserved frameworks in the 5’ upstream
region of the human ZBTB16 gene, comparative genomics can be applied, using EIDorado.

In order to retrieve orthologous regulatory regions of ZBTB16, please open ElIDorado by
clicking the respective button.

Select “Homo sapiens” as organism, enter “ZBTB16” in the keyword search field, and submit
the query.

On the following page, please select the first entry. The second is a one-exon gene, which is
annotated in the same locus.
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On the EIDorado result overview page, please click the “Comparative Genomics” button.

The output shows the promoters and transcripts of the human ZBTB16 gene and its
orthologs in other vertebrate species. Orthologous promoters of different species are
grouped into promoter sets. Note that there are three different promoters annotated for the
human ZBTB16 gene that are directly associated with a transcript. The first two promoters
have orthologs in other species; together they comprise Promoter Sets 3 and 1, respectively.
The third promoter does not belong to a homology group. Two more human ZBTB16
promoters are annotated based on comparative genomics (CompGen promoters).

O

Please select the promoters in Promoter Set 3 from human, chimp, mouse, rat, cow, and
horse in the list by selecting the tab “Select promoter set 3”. These promoters will be used
to identify conserved frameworks containing binding sites for the glucocorticoid receptor.
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In order to analyze a larger upstream regulatory region than the default, please set the
promoter length to 2900 bp upstream / 100 bp downstream of the TSS as indicated below,
using the maximum possible length of 3000 bp. Select FrameWorker from the task list and
start the analysis.

Continue on the next page with default settings. On the parameters page, please select the
following: a quorum constraint of 66%, show intermediate models and set V$GREF, which is
the matrix family for glucocorticoid responsive and related elements, as an element
constraint. Leave all other parameters at their default.

One of the longest frameworks conserved in human, chimp, mouse and rat consists of four
elements, V$SNAP (snRNA-activating protein complex), V$GREF, V$CP2F (CP2-
erythrocyte factor related to drosophila Elfl) and V$ZBPF (zinc binding protein factors). The
distance between the elements in human, chimp, mouse and rat show low variability among
species. The distances to the TSS are between 1.1 and 1.5 kb in human, rat and mouse,
whereas, the distance to the TSS in chimp is 2.5 kb.

The ZBPF and CP2F binding sites are in close vicinity to each other, and the distance
between them is highly conserved. The V$CP2F matrix family includes binding sites for
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TCP2 (LBP-1c). Inhibition of the mammalian transcription factor LSF (LBP-1c, CP2) induces
S-phase-dependent apoptosis by down regulating thymidylate synthase (TS) expression
(Powell, CMH et al. 2000). The V$ZBPF matrix family includes binding sites for Kruppel-like
factor 6 (KLF6), a tumour suppressor gene associated with B cell differentiation and cell
growth, and binding sites for the zinc finger proteins, ZNF148, ZNF202, ZNF281 all of which
are associated with negative regulation of transcription from the RNA polymerase I
promoter. Another member of the V$ZBPF matrix family, is a transcriptional repressor that is
involved in a diverse range of biological processes, such as cell growth, differentiation,
embryogenesis and tumorigenesis (Sakai, T. et al. 2003).

The V$SNAP matrix family, another member of the 4-element framework, includes binding
sites for SNAPC4 (SNAP190). The small nuclear RNA-activating protein complex SNAPCc is
required for transcription of small nuclear RNA genes and binds to a proximal sequence
element in their promoters. SNAPc contains five types of subunits stably associated with
each other. Downregulation of one of the subunits SNAP190 leads to accumulation of cells
with a G,/G; DNA content (Shanmugam, M. et al. 2008).

Since the binding proteins associated with the SNAP_GREF_CP2F_ ZBPF framework have
been associated with cell growth and/or transcriptional repression, this module may be
plausible as a regulator of ZBTB16 expression.

There is a three element framework conserved in human, mouse rat and cow V$SP1
(binding sites for GC-Box factors SP1/GC), VSRXRF (RXR heterodimer binding sites), and
V$GREF. The distances between the elements show low variability among species; the
distances to the TSS are between 1.9 and 2.6 kb.
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The V$RXRF and V$GREF binding sites in this framework are in close vicinity to each other,
and the distance between them is highly conserved. The V$RXRF matrix family includes
binding sites for retinoic X receptor / vitamin D receptor heterodimers. Retinoids and vitamin
D analogues have been shown to inhibit proliferation of leukemia cell lines (Defacque et al.
(1997)). This module could thus represent a convergence point of the appropriate signalling
pathways, regulating ZBTB16 expression, and, in effect, cell cycle progression.
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Summary: A possible mechanism for cell cycle repres sion by glucocorticoids

In ALL, transcription of cell cycle genes (exemplified by MYC and CCNA2 in the graph) is
highly active; the cell cycle progresses rapidly. While GR is present, in the absence of its
ligand there is no binding to target genes.
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complex is translocated to the nucleus, where it binds the upstream regulatory region of
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promoters of cell cycle genes, repressing their transcription and thus slowing down the
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List of resources available on the web:

Gene Expression Omnibus:
http://www.ncbi.nlm.nih.gov/geo/

Genomatix software, manuals, whitepapers, and tutorials:
http://www.genomatix.de/download/

Further reading:
http://www.genomatix.de/company/publications.html

This tutorial was compiled for:

Release 2.1
! Release 7.22
&! Release 4.8
$ Release 5.1
# Release 4.8

Please note that depending on the program versions and database releases used slight
variations in results (e.g. gene numbers) may occur.

BiblioSphere, ElDorado and GEMS Launcher are registered trademarks of Genomatix

Software GmbH in the USA and other countries. All other trademarks, service marks and
trade names appearing in this publication are the property of their respective owners.
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