sscM ap: Connecting small-molecule drugs
using gene-expression signatures

The sscMap program implements the method introducgl] to test the connections
between Gene Signatures and Reference Gene-Expréasifiles. It may be helpful
to read some related papers [1,2] first to learnenadout the methodology itself. This
document can be regarded as a supplementary pages that introduces the sscMap
program [3].

The sscMap program can be run in two execution siaea command line program,
or as a GUI (Graphical User Interface) applicatibime instructions for running the
program as a command line can be found near thefehis document, while the two
tours below will guide you through the GUI mode.uvghould have Java 1.6 (or later
version) installed on your computer to run the paog By going through the two
guided tours, users should be able to get a fgobd grasp of how the program
works. After that you can try to run queries usyogir own gene signatures.

The sscMap software is bundled with a default ctitbe of 6100 reference gene-
expression profiles based on the Broad Instituten@otivity Map 02 dataset
(http://www.broad.mit.edu/cma)p/To query this default collection of reference
profiles using your own gene signature(s), you rfestiprepare the query files in the
format as those examples in the folder "queriesg, fde for each gene signature. The
files should be tab-delimited text, and gene IDsudth be represented by Affymetrix
HG-U133A probe-set IDs, as these are the IDs uséukl default reference profiles.

If your gene IDs are not already Affymetrix HG-U¥8Brobe-set IDs, please use the
corresponding Affymetrix annotation files to maenhto these IDs.

The sscMap software can be extended by addingrousttiections of reference
profiles. Tour 2 actually uses a small exampleustem extension. The section after
Tour 2 gives a detailed description of the genevakracts for adding a custom
collection of reference profiles to sscMap.
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Tour 1: Querying the bundled collection of reference
profileswith 5 gene signatures

(1) Launch the program

Go to the program’s main folder “sscMap”; doubliekkthe “sscmap-gui.bat” file to
launch the program. If you are using Unix or Linygu may need first add execution
permission to the file "sscmap-gui”, and then dtatprogram. The commands you
need to type in are:

chmod +x sscmap-gui
sscmap-gui

A Graphical User Interface similar to the one shdagfow should appear.
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(2) Clearing up for afresh start

Click the “Gene Signatures” menu on the menu bat,then select the “Remove All
Gene Signatures” item, to clear up the Gene Sigadist from previous run.
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Remowve All Gene Signatures

Click the “Load Results” menu on the menu bar, tbelect “Remove All Result
Nodes” to clear up the results nodes.
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After clearing up, the GUI looks like shown below.
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(3) Loading default settings

Click the menu “Setting Parameters” on the menu doad then select the “Load
Default Settings” item.

=4 sscMap - Connecting small-molecule drugs using gene-expression signatures

File Sﬂtﬂnﬁpml Gene Signatures Run Queries Load Results
o [0 Setting Parameters :
% Sawve current Settings

Load Settings from a .ini file
Save current Settings to a .ini file

This will bring up the “sscMap Settings” window,osting the current settings (The
default settings in this case).



sscMap - Cannecting small-molecule drugs using gene-expression signatures

File Sefting Parameters Gene Signatures Run Queries Load Results

% ] sscMap :
D Gene Signatures : =
2 sschMap Settings
¢ ] Results : =
[ Daule Click o display Note: Any change to a numbered step must be followed by all its subsequent steps.
D Exit -Reference profiles (Reffiles)

1. Change the Reffiles Folder by choosing a reffile |
Reference Profiles Folder refiiles
A typical Reffile name azathioprine_0.1mM_MCF7_338.reftab
2. Field Separator String  |_ |
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5. Refresh Refset Name |
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-PValue-related settings

Number of Random Scores per Pvalue 10000
Random Seed 1t
| Expected number of False Connections to tolerate 1
0K ‘ | Cancel

As we are going to use the default settings in¢hge, no need to change anything,
just press the “OK” button to close the window.

(4) Load the gene signatures

Click the “Gene Signatures” menu on the menu baecs the item “Import Gene
Signature(s)”.
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Remove All Gene Signatures

Browse to the folder “queries” under the programmialder “sscMap”, select the
five Gene Signature files there to load them ih®dene signature list (Multiple
selection allowed). These five Gene Signature filee: “Estrogen.sig”, “HDACs.sig”,
“Immunosuppress.sig”, “random01.sig”, and “randons@y.
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And they will appear as five nodes under the “G8mmatures” node, as shown
below.
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Now we are ready to run the queries.
(5 Run thequeries

Click the “Run Queries” menu on the menu bar, agldct “Run queries with current
settings”.
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A progress monitor window will pop up shortly indtng the progress being made.
In this example, as shown below, the program isutaling 18690 connection scores
and estimating 18690 p-values. It takes a coupl®ors to finish on a typical
today’s desktop computer, as the estimation oflpegis the most time-consuming
part of the calculation (2 hours and 7 minutes griaptop computer with an Intel
Core Duo T2300E / 1.66 GHz processor; 1 hour anchiddites on my desktop
computer with an AMD Athlon 64 X2 6000+ AM2 3.0Gldmcessor).
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Cancel

Once the calculation is completed, the “Resultddenwill be populated with five
result nodes, one for each gene signature in time Ggnature list. A graph showing
the connection scores and p-values will be displayethe right. The caption under
the graph summarizes the results shown in the graph
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[The connection scores of Gene Signature random02.5i0 to 3738 Sets of Reference Profiles (Refsets), 0 ofthese 3738 connection scores are statistically significant (above the green line)
[The expected number of false connections is 1, giving an estimated False Discovery Rate (FDR) ~= 170 ~= 1.0, For detailed results; see the corresponding tah file in the results folder,

Show Raw Scores ‘ ‘ Show Standardized Scores

Save as tah file

Pointing the mouse to a data point on the graphpaesking a mouse button will
bring up a small window displaying the detailecommhation for that data point. When
the mouse button is released, the information winddl disappear.
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(6) Viewing and interpreting the results

Let’s take the HDACs gene signature as an exarbable clicking the result node
“HDACSs.sig.sscmap.plot”, a graph for that node Ww#l displayed on the right as
below. The horizontal axis is for connection ssaad the vertical axis is

Y= -logy(pvalue). So if a data point on the plot has a ¥rdmate around 3, you
know that the original p-value is of the order1dhe green horizontal line on the
graph indicates where the threshold p-value isAs®t.connection score with a p-
value less than that threshold (any data point @ltle® green line on the graph) is
considered as statistically significant. The thoddlp-value is in fact set as

alpha = N_falses /N _sets =1/3738 ~= 0.00027,

where N_false=1 is the number of false connectibasiser is willing to tolerate for
each gene signature, and N_sets=3738 is the nuwhB&fsets being queried in this
run. Thus the number of connection scores obtdimregach gene signature is also
N_sets. By setting the threshold p-value as swelshould expect that on average
there will be N_falses=1 false connections agnibye significant connection scores.
The expected number of false connections to tadit falses) can be viewed and/or
changed from the “sscMap Settings” window when“8etting Parameters” menu
item is selected. Its default value is 1.

In the graph shown below, you may notice that theo@rdinates of the data points
become flat (“saturate”) at around Y=4.0, indicgtthat the smallest p-values are of
the order 10 for the data shown here. This is because the aunflrandom gene
signatures generated for each p-value estimatian1®800. So the lower limit of p-
values that can be estimated is of the ordér The true p-values of those saturated
data points are likely to be much smaller. Butthe purpose of identifying
significant connections using the current threstfalpha=0.00027, the green line),
this limit (10%) for p-value estimation is adequate. Increasmgrtumber of random
gene signatures for each p-value estimation to @@0@r example, will require much
longer computational time. The set of significaomicections identified by the longer
run, however, is not much different. So overalingsL0000 random gene signatures
to estimate each p-value is probably the rightriozdao strike.
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rThE connection scores of Gene Signature HDACS. sig to 3738 Sets of Reference Profiles (Refsets). 137 ofthese 3738 connection scores are statistically significant (above the green ling)
’The experted number of false connertions is 1, giing an estimated False Diseovery Rate (FOR) ~= 1 /137 ~= 0.0073 For detalled results, see the corresponding tab file in the results folder.

‘ Show Raw Scores ‘ ‘ Show Standardized Scores | ‘ Save as tabfile ‘

There are three buttons at the bottom of the g@pdssing the Button “Show Raw
Scores” will show the original connection scoreBrasl by Equation (6) in [1], and
pressing the “Show Standardized Scores” buttonshitiw the standardized
connection scores. The standardized connectiom $equist the original connection
score normalized (divided) by the sample standaxaation of the random scores
generated during the p-value estimation.

The “Save as .tab file” button allows users to ekfte results and save them to a
tab-delimited text file, which can be opened arelwad using MS-Excel or other
similar spreadsheet software.

In fact, two files were already saved in the “R&suiolder for each gene signature
when the calculation was completed. One is a tirsp.tab” file, in tab-delimited
text format, which basically lists the connectiesults of the gene signature to all the
Refsets queried. This “*.sscmap.tab” file can bergga and viewed with MS-Excel or
other similar spreadsheet software. It is the mesult file for users to take away and
to work on.

The other file “*.sscmap.plot” is in binary formatnd is only be to read by the current
sscMap program. The “Load Saved Results” item utige“Load Results” menu
allows users to load previously saved “*.sscmap’fdiles and display them in graph
similar to the one we have seen above.

(7) Exit the program

Double click the “Exit” node to exit the progrant,@lick “File” on the menu bar, and
select “Quit”.
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Tour 2: Querying a custom collection of reference profiles
with 2 gene signatures.

(1) Launch the program

Go to the program’s main folder “sscMap”; doublielclthe “sscmap-gui.bat” file to
launch the program. If you are using Unix or Linygu may need first add execution
permission to the file "sscmap-gui”, and then dtagtprogram. The commands you
need to type in are:

chmod +x sscmap-gui
sscmap-gui

A Graphical User Interface (GUI) similar to the dmdow should appear.
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(2) Clearing up for afresh start
Click the “Gene Signatures” menu on the menu bad,then select the “Remove All
Gene Signatures” item, to clear up the Gene Sigadst from previous run.
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N

o ] s=chap Import Gene Signature(s)
¢ [J Gene Signatures| Generate a Random Gene Signature

[ Estrogen siy| Refresh Signature List
[ HDACS sig

B [mmunosupg
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B random02.sig

9 ] Results -
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Remowve All Gene Signatures

Click the “Load Results” menu on the menu bar, tbelect “Remove All Result
Nodes” to clear up the results nodes.
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(3) Setting essential parameters
Click the “Setting Parameters” menu on the menutbhan select “Setting
Parameters” to bring up the “sscMap Settings” wimdo
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% [ sscMap :
D Gene Signatures 3
¢ ] Results :
[ Double Click to displs
[ Bt !
[F] sscmap Settings soE M
Note: Any change to a numbered step must be followed by all its subsequent steps.
Reference profiles (Reffiles) settings
:1..-Change the Reffiles Folder by chﬁus.i.ng_ areffile |
Reference Profiles Folder reffiles
A typical Reffile name azathioprine_0.tmM_MCF7_338 reftab
2. Field Separator String |
3. Refresh Checkboxes for Reffile Felds |
| Results Folder results
-Refset: A set of reffiles with the same Fields
5. Refresh Refset Name ‘
4. Check Reffile Fields for defining Refset azrathioprine_0.1mM_MCF?
azathioprine
0.1mM
MCF7?
1338
PValue-related settings
Number of Random Scores per Pvalue 10000
Random Seed i}
| Expected number of False Connections to tolerate 1 |
OK | ‘ Cancel
1] 1l TTvl

In this example, we are going to use a custom ciidie of reference profiles stored in
a subfolder under “custom-example”.

Click the Button “1. Chang the Reffiles Folder byosing a reffile”, and browse to
the folder “custom-example/custom-reffiles” unttee program’s main folder
“sscMap”.
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sscMap Settings o @ X
Note: Any change to a numbered step must be followed by all its subsequent steps.
-Reference profiles (Reffiles) settings -
| 1. Change the Reffiles Folder by choosing a reffile |
| Reference Profiles Folder refiiles
Look In: [ custom-reffiles | | | | E;B;l BZ| §Felds ‘
= Data (D:) al
] rando £= DVD-RAM Drive (E2) ighDose--Tissue3--Day02
[ Drug1 = SATA3-PartA (H:) __jghDose--Tissue3-Day06, |
D Drug1 = SATAS-Par_tB () =ighDose--Tissue3--Day11
[ CMap-Build02 g et Name
D Drug1 I |pwDose--Tissue1--Day02-
0 ] sscMap ) MCET
Drug1 3 custom-example wDose--Tissue1--Day06| §
[ Drug1 7  [Jeustom:reffiles n |~ pwDose--Tissue1--Day11-
D Drug1--HighDose--Tissue2--Day11--.ref.tab |_“’] Drug2--LowDose--Tissue2--Day02-
1] li | I
File Name: | |
Files of Type: !Reference Profile Files | b |
]
| Open | | Cancel ‘
“EXpected number of False Conneciions 1o [olerate T [
‘ 0K ‘ ‘ Cancel |

Select the file “Drugl--HighDose--Tissuel--DayO2ted” (or any other reffile), then
press the “Open” button. As you can see, the Reter Profiles Folder is now
“....\sscMap\custom-example\custom-reffiles”, angdal reffile name is “Drugl--
HighDose--Tissuel--Day02.ref.tab”.

‘o @ M
Note: Any change to a numbered step must be followed by all its subsequent steps.

sscMap Settings -

Reference profiles (Reffiles) settings

1. Change the Reffiles Folder by choosing a reffile

Reference Profiles Folder \WChap-BuildD2isscMapicustom-examplelcustom-reffiles
A typical Reffile name Drun1--HighDose--Tissue1--Day0Z ref tab
2. Field Separator String |

3. Refresh Checkhoxes for Reffile Fields

Results Folder results

The naming of reffiles in this folder apparentlygests that the string -- is to be used
as a Field Separator to divide a reffile name g#weeral Fields. In this example, these
Name Fields are: drug name, dose, tissue typetiredooint.

So we type in the Field Separator String -- (twphens) into the text box.

14



Click the Button “3. Refresh Checkboxes for Refftields”, the checkboxes will be
updated as below.

n g ——m e ————— - e mm e eemgee— == =

2. Field Separator String |

3. Refresh Checkhoxes for Reffile Fields

Results Folder results

Refset: A set of reffiles with the same checked Fields

5. Refresh Refset Name
4. Check Reffile Fields for defining Refset azathioprine_0.1mb_MCET

[ ] Drug1

[ ] HighDose

[ ] Tissue1

[ | Day02

Now we must decide which name fields to use fomile a Refset. A Refset is
defined as a set of reffiles with the same selelli@ale Fields. In this example, we
are going to use the drug name and tissue typefioeda refset. This means that all
reference profiles with the same drug and tisspe tyill be taken as forming a refset,
disregarding the dose and time point.

So we check the two Name Fields (Drug and Tishes) tlick the Button “5. Refresh
Refset Name”.

Refset: A set of reffiles with the same checked Fields

5. Refresh Refset Name
4. Check Reffile Fields for defining Refset Drug1--Tissue

Drug1

[ ] HighDose

Tissue1

[ | Day02

We leave the pvalue-related settings at their defalues, and click to “OK” button
to close the “sscMap Settings” window.
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PValue-related settings

Number of Random Scores per Pvalue 10000
Random Seed 1]
Expected number of False Connections to tolerate 1

OK Cancel

(4) Load the gene signatures

Click the “Gene Signatures” menu on the menu k&ecs “Import Gene
Signature(s)”.

sscMap - Connecting small-molecule drugs using gene-expression signatures
File Setting Parameters Emesiynm| Run Queries Load Results

2 [ sschiap Import Gene Signature(s)
[} Gene Signatures Generate a Random Gene Signature

¢ £ Results Refresh Signature List
- [ Double Click Remove All Gene Signatures
Exit

Browse to the folder “custom-example/queries” urttierprogram main folder
“sscMap”, select the two Gene Signature files (“BBAtay05.sig” and
“C57_day01.sig”) there to load them into the geigeature list.
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small-molecule drugs using gene-expression signatures
Gene Signatures Run Queries Load Resulis

5 P Open E|
<to displ Look In: [ queries ‘v I@ IEI

2 Data (D3)

[ BALBE| = pvD.RAM Drive (E)

[jc57.d = SATA3-Parth (H:)

= SATA3-PartB (I:)
7 CMap-Build02

Lk

] sschap
[ custom-example o
ﬁll---:'-f._..-.-' I :
File Name: | |
Files of Type: |All Files v

| Open H Cancel |

And they will appear as two nodes under the “Gaga&ures” node, as shown below.

sscMap - Connecting small-molecule drugs using gene-expression signatures

File Setting Parameters Gene Signatures Run Queries Load Results
9 [ sschiap :
o [ Gene Signatures i
[} BALB-dav05.sig
[y ca7_day0l sig

7 [[] Results

™ Mankla rlick ta dienld ©

Now we are ready to run the queries.
(5 Run thequeries

Click the “Run Queries” menu on the menu bar, aldct “Run queries with current
settings”.

£2 sscMap - Connecting small-molecule drugs using gene-expression signatures

File Setting Parameters Gene Signatures Mm Load Results
o [ s=chlap ; A (short) example using Custom Reffiles o
¢ [ Gene Signatures A (long) example using Bundled Reffiles
[ BALE-day05 sig "Run gueries with current settings
04 057 a0t g ; - Run queries with current settings
7 [ Results i
™ Dankle Click tn disold -
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A progress monitor window will pop up shortly indtang the progress made.

_—

£4 sseMap - Connecting smalla ng gene-expression signatures.
File Setting Parameiers Gene Signatures Run Qu Load Resulis

% ] sscMap 4

K
¢ [ Gena Signatures :

[y BALE-day0s.sig
[ ca7_daynt sig

¢ [ Results ; Progress...
D ponbie Gk lsp! ® Testing the connections between 2 gene signatures and
D B : 6 sets of reference gene-expression profiles (refsets).

Calculating 2 X 6 = 12 connection scores,

Estimating 12 p-values with

10000 random gene signatures generated for each p-value.
Completed 50%.

L |

Once the calculation is completed, the “Resultdlenwill be populated with two
result nodes, one for each gene signature in time Gegnature list. A graph showing
the connection scores and p-values will be displayethe right. The caption under
the graph summarizes the results shown in the grBphluble clicking any result node
will display the graph for that node.
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B sscMap - Connecting small-molecule drugs using gene-expression signatires

File Sefting Parameters Gene Signatures Run Queries Load Results

ssohlap i ? v i
¥ BALB-day05.si oo M
9 Gene Sighatures : g8 =
[ BaLE-dayns sig :
[y ca7_daynt sig : i
— Results :
[ Double Click to display : 5.5
D CAT_dayD1.sig.sscmap.plot
D BALB-dayDa.sig.sscmap.plo 504
Y Exit :
4.5+
4.0+
354
4 304
25
2:0
15
1.0
0.5
T T T T T T T T T T T T T T T T T T
-45 -40 -36 -30 -35 20 <15 1.0 -08 g:5- 0 Slss 2EE G 30 @3%& 40 445
Standardized Connection Scores
Nl The connection scores of Gene Signature BALE-tayl8.sig to 6 Sets of Reference Profiles (Refsets). 3 oTthese B connection scores ar=
N [The expected nurmber of false connections is 1, giving an estimated False Discovery Rate (FORY ~= 113 ~= 0.33. For detailed results,
: |-
4 Il | [
| Show Raw Scores ‘ | Show Standardized Scores | | Save as tabfile |
4« | 1I [ E

(6) Exit the program
Double click the “Exit” node to exit the progrant, @lick “File” on the menu bar, and
select “Quit”.

Adding custom reference profilesto sscM ap

As an example, we have included with the sscMapgnara a folder calledustom-
example, which contains all the key components of a custatension to the
application. Following the example provided usédrsudd be able to build their own
extension.

This section describes the general contracts émstéom collection of reference
profiles to be added to sscMap. A custom ref-filgsctory must contain the
following items:

1. A file called |IDstore.tab;
2. A number of ref-files with extension namesf.tab.

ThelDstoretab file is essential, as it lists all the gene IDegant in these ref-files.
Each ID is a unigue and case-insensitive stringhafacters, e.g. a probe-set ID in an
Affymetrix microarray platformiDstore.tab is a text file with only one column, the
first row being the column name; from the second to the last row are the gene IDs,
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one ID per row. The IDs in tH®store.tab file are not required to be in any particular
order, as they will be sorted alphabetically anywaging the program's execution.

A ref-file basically specifies the ranks of all th2s defined inDstore.tab, and thus
contains the same number of IDs. A ref-file is adab-delimited text file, with the
first row giving the column names; the first columrior gene IDs and the second
column for their corresponding singed ranks. Axdbed in [1], the most important
gene ID is assigned the highest rank N if it isegulated, or -N for down-regulation,
where N is the total number of gene IDs definetDsgtore.tab. A ref-file may
contain extra columns to provide more informatianlsas the expression ratio, log-
ratio, raw expression values etc, but only the fi® columns are used by the
program, and the other columns are ignored. F@xample of a ref-file with extra
columns, see the file “custom-example/custom-esfiDrug2--LowDose--Tissue3--
Dayll.ref.tab”.

Notice that in the default collection of ref-fildbe gene IDs are those defined by the
Affymetrix probe-set IDs of microarray platform HGZ3A, while in the example of
custom reference profiles, the gene IDs are thefiaetl by the Affymetrix

microarray platform Rat230_2. This shows that ukexse the freedom to use
whatever gene IDs in their owBstore.tab file, the only requirement being that there
should be no duplications and the ID strings asegasensitive. Needless to say,
when you want to query a collection of referenaafif@s, whether it is the bundled
collection or a custom collection, the query geigaaures should always use gene
IDs defined by théDstore.tab corresponding to the ref-files to be queried.

| nstructions for running sscM ap asa command line

Torun the program using the example queries already in thefolder " queries’,
(1) Open an example query using MS Excel as a ¢dimided text file, to get familiar
with the format of query files.

(2) Go to the program main folder; double click fite "run-sscmap.bat” to start the
program. If you are using Unix or Linux, you mayeddirst add execution permission
to the file "run-sscmap”, and then start the progréhe commands you need to type
are:

chmod +x run-sscmap
run-sscmap

(3) After the program ends, go to the "resultstdés| open the corresponding
"* sscmap.tab” files with Excel to view the results

To query sscMap with your own query gene signature(s),

First, prepare the query signature files in thenfairas those examples in the folder
"queries", one file for each gene signature. Thes fshould be tab-delimited text, and
gene IDs should be represented by Affymetrix HG-BA Probe-set IDs.
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Second, put all your query gene signatures intddluer "queries”.

Third, edit the "parameters.ini" file to set theuim parameters accordingly, e.g.,
whether your query signatures are ordered or ueredgene list. The
"parameters.ini" file is a plain text file, and da@ edited with any text editors.

Finally, double click the run-sscmap.bat file to the program. Or preferably, launch
a MS-DOS window first, then change the working clioey to the main program
folder, and type the command "run-sscmap” to st@rprogram.

The results will be saved in the "results" foldsitab-delimited text files with name

"* . sscmap.tab"”, which can be opened and viewedyusispreadsheet software such as
MS Excel.
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