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1. Introduction
Using the “SelTag” software the data on gene expression from the
“‘notterman2001_set1.ixt” file were analyzed. The data consist of measured expression
levels for approximately 7400 human cDNAs and ESTs (Human 6500 GeneChip Set,
Affymetrix) in colon adenocarcinomas from several patients (Notterman et al., 2001).
Expression levels were also measured in normal colon tissues. Totally the table contains
the expression measurements for 18 tumor and 18 normal counterpart colon tissues.
These data are divided into “Tumor” and “Normal” groups. Data in columns of expression
matrix were normalized in such a way that average value was equal to 50. The aims of
analysis were the following:
1. Identification of genes, highly expressed in tumorous tissues and lowly expressed in
normal ones, which are supposed to be related to cells tumorigenicity;
2. ldentification of genes, highly expressed in normal tissues and lowly expressed in
tumorous ones;
3. ldentification of genes with similar expression profiles;
Clustering genes by their expression profiles;
5. Analysis of principal components for genes expression matrix.
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2. Application start and data loading.
2.1. On application start the “Login” dialog appears (fig. 2.1). Choose the “Anonymous”
entry mode and press “OK”.
Note. “Anonymous” entry is purposed for use with demo data only.
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Figure 2.1.

1. Anonymous (non registered user) mode. 2. Confirmation button. 3. Cancel button.

2.2. Once the login procedure is over, the application main window appears. To load data
from file, select the “File>Open data” command from the main menu (fig. 2.2).

Figure 2.2.




2.3. It will cause the “Load data” window, containing the names of files with table data and
information on their size (fig. 2.3.1), to appear. Choose the appropriate filename and press
“‘OK”. The “Wait” message window will appear indicating the data loading process, and
once the process is over, it will disappear (fig. 2.3.2)
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Figure 2.3.1.
1. Selected file with expression data. 2. Confirmation button. 3. Cancel button.
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Figure 2.3.2.

2.4. Table with selected data will be represented in the application main window.




2.5. To load a file with genes description, select the “File>Link gene data” command from

the main menu (fig. 2.5).
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2.6. The “Load data” dialog with list of files and information on
appear. Choose the file of interest and press “OK”.

their size (fig. 2.6) will
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Figure 2.6.

1. Selected file with genes description. 2. Confirmation button. 3. Cancel button.




2.7. The “Description load” dialog with invitation to use dynamic file loading mode (fig. 2.7)
will appear. Press the “Yes” button.
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Figure 2.7.

2.8. In contextual menu of the application main table (contextual menu can be called out by
mouse right click) the “URLs>UniGene” command (fig. 2.8.1) will become active. This
command opens you default web browser and, using the appropriate link, loads a gene
card from UniGene database (fig. 2.8.2).
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Figure 2.8.2.

2.9. To load a file with genes nucleotide sequences, select the “File>Link sequence”
command from the main menu (fig. 2.9).
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2.10. The “Load data” dialog with files and information on their size (fig. 2.10) will appear.
Select the file of interest and press “OK”.
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Figure 2.10.
1. Selected file. 2. Confirmation button. 3. Cancel button.

2.11. The “Description load” dialog with invitation to use dynamic file loading mode (fig.
2.11) will appear. Press the “Yes” button
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Figure 2.11.




2.12. In contextual menu of the application main table (contextual menu can be called out
by mouse right click) the “Show sequence” command (fig. 2.8.1) will become active. This
command opens a window with gene’s nucleotide sequence (fig. 2.12).
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Figure 2.12.

2.13. To get a description of loaded data, select the “File>Data description” command from
the main menu (fig. 2.13)
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2.14. 1t will open the document with description and list of files for data
"notterman2001_set1", located on the Softberry server (fig. 2.14).

a notterman2001_set1 - Microsoft Internet Explorer
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All data has been taken from the article: Motterman D & | Alon TT. |, Sierk & T, and Lewine & J "Transcriptional Gene Expression Profiles of Colorectal Adenoma, Adenocarcinoma, and
Mormal Tissue Examined by Oligomclectide Arrays”, Cancer Res, 61, 3124-32130 (2001) [ MEDLINE abstract, Cancer Research full text ].

Data contain the measured expression levels for 7400 human cDIAs and ESTs (Human 500 GeneChip Set, Affymetrix) i colon adenocarcinomas from several patients. The expression of these

R 4s was also measured in normal colon tissues. Totally, the table contains expression measurements for 18 tumorous and 18 normal counterpart colon tissues. These data are combined in
appropriate groups: "Tumer" and "Mormal"

Original data has been taken from the site Microarray Databases (Movember 2002 1.), Notterman Carcinoma Data page. Expression data are taken from the
CarcinemallormalDatasetCancerEesearch tat, file, displayed on this page. The order and numeration cotrespond to data from the first raw of this file.

The SELTAG software was used for analysiz of "nottertnan2001_zet1" data. The results are represented in the notterman2001_set1. doc file. It has allowed to identifiy genes that are
overexpressed in tumorous tissues (when compared to normal ones) and vice versa. The obtained results were compared to that in the article MNotterman et al (2001). Using hierarchical clustering
and principal components approaches, two clusters of genes were obtaned. One cluster contains the genes that are preferably expressed i tumorous tissues, and another one - i notnal Hssues

Complete list of files for " notterman2001_set]” data that are on Softberry server:
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lnotterman2001 setl e [1,408 kb Data in SELTAG format

e S o Gl 657 kb i{ﬁﬁ;‘gzegg;fjsﬁe;)(soned by their GenBank AC, field F1 "Sequenceld” from file
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notterman2001_set] pdf 26491

|Examp13 of data analysis by mean of SELTAG (pdf)
|Example of data analysis by mean of SELTAG (html)

‘notterman2001 set] -example. himl ‘70 kb

‘notterman2001 set]l otitut ‘1,410 kb |Or1gma1 file with data on genes expression
hotterman2001_paper. pdf 1,005 kb

|Orig;.nal article Motterman et al (2001}

Back to all dataset page
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Figure 2.14.




3. Selecting genes with high expression level in tumor tissues.

In this chapter there is an example of how to select genes, which are expressed
above average (more than 50) in, at least, 80% of tumorous tissues and, at the same time,
below average (less than 50) in, at least, 80% of normal ones. The previously described
dividing of experiments into two groups (in accordance with tissue types) — tumorous (G1)
and normal (G2) — in the notterman2001_set1.txt file makes the solving of this task much
easier.

To perform this task, the following steps are required:

3.1. Select the “Select>Select genes by query...” command from the main menu (fig. 3.1).
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Figure 3.1.

3.2. The “Make selection” dialog will appear (fig. 3.2). For the first, select a target group to
satisfy selection criteria. In the “Group” section press the “Select” button (fig. 3.2).
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1. The “Group” section. 2. The “Select” button calls out the “Calculator options” dialog.




3.3. The “Calculator options” dialog with the complete list of groups in the table (fig. 3.3) will
appear. In the list select a target group, for which the first part of constrains will be set. In
our case, this is group «G1 Tumor». After selection press the “OK” button.
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Figure 3.3.
1. Selected group. 2. Confirmation button. 3. Cancel button.

3.4. In the “Make selection” dialog the following changes will occur (fig. 3.4):
¢ In the text area, the number and the name of selected group will appear:
G1 Tumor
¢ In the status bar, the information on this group will be shown:
$G1:type=IVALUE fields[18]: 3;4;5;6;7;8;9;10;11;12;13;14;15;16;17;18;19;20;

3.5. In the field of additional constraints “Input condition level:” specify the threshold as a
percentage share in a group:
80%

3.6. The selected group ID and selection criteria should be inserted into expression line. To
do this, press the “Insert” button. In the expression line the following will appear (fig. 3.4):
$G1:80%

3.7. Using buttons of query entering specify the first part of condition in the expression line
(fig. 3.4):
$G1:80%>50
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Figure 3.4.
1. Expression line with selection criteria. 2. Status bar with information on selected field. 3.
Number and ID of selected group. 4. Field for additional constraints. 5. The “Insert” button
for insertion of the group ID with additional constraint into expression line. 6. Query
entering buttons.

3.8. Add the “&” symbol into expression line by pressing the “And” button in the query
entering section.




3.9. Finally, specify the second part of selection criteria. It can be done by the same way,
as described in 3.2-3.7, with the only exception: select the group G2 Normal and add a
constraint for it:

$G2:80%<50
The final expression is shown on figure 3.5.
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1. Expression line with selection criteria. 2. Status bar with information on selected field. 3.
Number and ID of selected group. 4. Field for additional constraints. 5. The “Insert” button
for insertion of the group ID with additional constraint into expression line. 6. Button for
search start. 7. Query entering buttons.

3.10. To start the search process press the “Scan” button (fig. 3.5). As a result, all genes,
overexpressed in, at least, 80% of tumorous tissues, and downexpressed in 80% of normal
ones, will be found and selected.




3.11. Once the selection is finished, information on the number of found genes will be
represented in the status bar (fig. 3.6), and the “OK” button will become active.

SELTALG: make selechion

Bearch expression; n . Expr. score oplions
[$61-80%=-508$G2:80%=50 }. /— Clear Expr | [ calcuiate scores for
last selection
|21 cards selected. To et hit <ok = buttofi ok | e | Cangal I
Fleld o
|F1 Accession Number Select I ARD | oR | MOT | () |
Insert I _ | ) I . | = |
— Taxtwalues for field
{ooooa Select | F] W e |
mset |7 | 8 | 8 | |
Group ! | g | g I - | Select cards with best scores
[52 Normal select | 1 | o2 | a2 | < | N T
Input condition level;  [30% Insarll 0 | I ABSD | i | val I :
- alue
Card Mo.
Card index number designation Insart I
Java Applet Window
Figure 3.6.

1. Information on the number of found genes. 2. Button for accepting the search results.

3.9. Press the “OK” button.

3.10. In the application main window the table with selected genes (fig. 3.7) will be
represented. In the «Select» section of the main window menu an additional item with the
name corresponding to selected set of genes will appear. During the project run, the
obtained sets of genes can be saved and remained available by simple switching between
them. To remove the list of tables use the «Remove all selections» command.

Table obtained in this example includes 21 genes. Some of selected genes are also
identified as transcripts that overexpressed in tumorous tissues (when compared to their
normal counterparts) in the article by Notterman et al [1] (see table 1 in this article). These
genes are:

X54489 Human gene for MGSA

U22055 Human 100 kDA coactivator mRNA, complete cds

M61832 Human S-adenosylhomocysteine hydrolase (AHCY) mRNA, complete cds

M36821 Human cytokine (GRO-g) mRNA, complete cds

U33286 Human chromosome segregation gene homolog CAS mRNA, complete cds

X54942 H. sapiens CKSHS2 mRNA for CKS1 protein homologue
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Figure 3.7.

1. Additional menu item that corresponds to obtained genes set. 2. Table with selected

genes

3.11. To visualize expression profiles for selected genes, use the “Graph>Specified with

current selection” command from the main menu (fig. 3.8).

File Edit ‘iew Select Group Analysis
1
cessnunNumd escription |

Figure 3.8.

r_29




3.12. The “Profile dialog” window with expression profiles for selected genes (fig. 3.9) will
appear. It is notable that expression profiles of all represented genes are higher for
tumorous tissues (profiles inside the red rectangle) than for normal ones (profiles outside
the red rectangle).
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Figure 3.9.

1. Area of expression profiles visualization. 2. Expression values for tumorous tissues. 3.
List of genes sets. 4. List of genes. 5. List of tissues groups. 6. Information on gene, profile
of which is pointed by mouse.




4. Selecting genes with high expression level in normal tissues.

In this chapter there is an example of how to select genes, which are expressed
above average (more than 50) in, at least, 80% of normal tissues and, at the same time,
below average (less than 50) in, at least, 80% of tumorous ones.

To perform this task, the following steps are required:

4.1. Select the “Select>Select genes by query...” command from the main menu (fig. 4.1).

File Edt View Group Analysis Graph Opfions  Help | :
il  Sslect genes by guery | 3 l | ﬂ
=] 'A—
cession il deta | Sample Tun’! r_35 Ti
W ]
1 Doooo: ~ | : 6
2 | Doooo; | | -3
Figure 4.1.

4.2. The “Make selection” dialog will appear (fig. 4.2). For the first, select a target group to
satisfy selection criteria. In the “Group” section press the “Select” button (fig. 4.2).
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1. The “Group” section. 2. The “Select” button calls out the “Calculator options” dialog.




4.3. The “Calculator options” dialog with the complete list of groups in the table (fig. 4.3) will
appear. In the list select a target group, for which the first part of constrains will be set. In
our case, this is group «G1 Tumor». After selection press the “OK” button.
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Figure 4.3.
1. Selected group. 2. Confirmation button. 3. Cancel button.

4.4. In the “Make selection” dialog the following changes will occur (fig. 4.4):
¢ In the text area, the number and the name of selected group will appear:
G1 Tumor
¢ In the status bar, the information on this group will be shown:
$G1:type=IVALUE fields[18]: 3;4;5;6;7;8;9;10;11;12;13;14;15;16;17;18;19;20;

4.5. In the field of additional constraints “Input condition level:” specify the threshold as a
percentage share in a group:
80%

4.6. The selected group ID and selection criteria should be inserted into expression line. To
do this, press the “Insert” button. In the expression line the following will appear (fig. 4.4):
$G1:80%

4.7. Using buttons of query entering, specify the first part of condition in the expression line
(fig. 4.4):
$G1:80%>50
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Figure 4.4.

1. Expression line with selection criteria. 2. Status bar with information on selected field.
3. Number and ID of selected group. 4. Field for additional constraints. 5. The “Insert”
button for insertion of the group ID with additional constraint into expression line. 6.
Query entering buttons.

4.8. Add the “&” symbol into expression line by pressing the “And” button in the query
entering section.

4.9. Finally, specify the second part of selection criteria. It can be done by the same way,
as described in 3.2-3.7, with the only exception: select the group G2 Normal and add a
constraint for it:

$G2:80%>50
The final expression is shown on figure 4.5.




SELTAG: make selection

Search expression: Expr. score options

i
III—D |$:-1 B0%=508502-80%=50 F Clear Expr | [ cCalulate scores for

- last selection
$G2ype=IVALUE fields[18]: 21;22;23,24,25,26;2, | Gtan I Cancal I
Fiald
|F1 Accassion Mumber Select I D I oR | MaT I . |
| L S NP [
— Textyalues for field
{Doooo3 5e|e:|| — I — | - I EQRTQ'
mset [| 7 | & | 9 | « |
Group L 4 \Vs—lj ! I 2 | 2 I | Select cards with best scores
|r32r~.|om1a| sefjon 1 | 2| 3| - | N e
Input condition level:  [50% Inﬁarll o I apsp | ¢ | vat | .
: " : alue

Card Ma.
Card index number designation Insert |

Jawa Applet Window

Figure 4.5.

1. Expression line with selection criteria. 2. Status bar with information on selected field. 3.
Number and ID of selected group. 4. Field for additional constraints. 5. The “Insert” button
for insertion of the group ID with additional constraint into expression line. 6. Button for
search start. 7. Query entering buttons.

4.10. To start the search process press the “Scan” button (fig. 4.5).

4.11. Once the selection is finished, information on the number of found genes will be
represented in the status bar (fig. 4.6), and the “OK” button will become active.

4.12. Press the “OK” button.
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1. Information on the number of found genes. 2. Button for accepting the search results.

4.13. In the application main window the table with selected genes (fig. 4.7) will be
represented. In the «Select» section of the main window menu an additional item with the
name corresponding to selected set of genes will appear. During the project run, the
obtained sets of genes can be saved and remained available by simple switching between
them. To remove the list of tables use the «Remove all selections» command.

Table obtained in this example includes 34 genes. Some of selected genes are also
identified as transcripts that overexpressed in normal tissues (when compared to their
tumor counterparts) in the article by Notterman et al [1] (see table 2 in this article). These
genes are:

M83670 Human carbonic anhydrase IV mRNA, complete cds

X64559 H. sapiens mRNA for tetranectin

T54547 H. sapiens cDNA similar to M84526 complement factor D precursor

M95936 Human protein-serine/threonine (AKT2) mRNA, complete cds

T46924 H. sapiens cDNA similar to gb:U11863 amiloride-sens amine oxidase

L11708 Human 17 b-hydroxysteroid dehydrogenase type 2 mRNA, complete cds

H54425 H. sapiens cDNA similar to gb:M10942_cds1 human metallothionein-le

gene

H77597 H. sapiens cDNA similar to gb:X64177 H. sapiens mRNA for

metallothionein

T67986 H. sapiens cDNA clone 82030 39 similar to gb:X14723 clusterin precursor

U17077 Human BENE mRNA, partial cds

U08854 Human UDP glucuronosyltransferase precursor (UGT2B15) mRNA,

complete cds




3 | 8 | T e
sample | Tumor_27 | Tumaor_23 | Tumor_38 | Tumer 28 | Tumor_3s5 |

3 - EL] 42 1) a0 a1
4 goie 151324 3 59 26 17 48 51
5 prig 2021 26 =" similar o gh:M1084 34 24 22 ar q
B prie 232584 3 i1} T3 56 42 38
T HiF5af ¥30Eal6.51 Homo sapiens cOMA clong 294162 3 similar fo gh:=64173 i 22 33 3 -26
B L11708 Humi@n 17 Bils hdatovsiersid dih i g P mRENA, complie 17 43 11 12 al
] L11704 Human 17 beta hydneysiarold el e type I mRMNA, complete 14 135 17 11 36
10 W1ELE1 Human craaling kinase b-subunil m corriplabe cds T el | 1] 147 48
11 MZIBEEZ Human MUCTE glycoprotein miRh omplete ods BS 62 a1 5 3
12 | M366E34 Human vasoactive mtastinal peplida (VIF) mRMA, complates cds 16 18 9 26 17
13 MEIE0Z Human phosphaolamban mRMNA, complete cdz 3 16 16 i) 5
14 |MBa110 Human caldesmon mAMA, complate cds T2 15 L] 32 T
15 KEIDBE Human phosphoglucomutase 1 [FEMT) mRMNA, complele cds 4E 11 9 45 az
16 | MBIETD Human carbonic anhydrasa [ mAMNA, complate cds - -30 -1 4 -3
17 ME1463 Humian glicose ransporer (GLUTY) gene, cormplete cds 29 v 32 8 36
18 | MB5936 Human protein-semathraoning (AKTI) mRMA, complete cds 54 17 -8 14 1
19 R4B&0Z WESD &1 Homo Sapiens cDh clone 153625 3' similar o SPT15812 36 a2 7 65 a7
L] REDETT whoEe11.81 Homo sapiens cDMA clone 42386 3 ar 33 23 25 15
ba TaEQT4 a1 b02 81 Hormo sapiens cOMNA clane TORIT 2' sirnlar o gb U11263 a4 7T 1] 58 il
2 Ta9464 ¥aT5hi03.e1 Homo sapiens cOMA clong 67541 3' contalns Alu repetitive B 22 50 ar 65
33 | TH4547 w4 0hi3 51 Hormo sapiens cONA clane T3605 3' simalar 1o gb ME4526 4 -2 5 45 -7
14 T55741 040007 &1 Harmo sapiens cOMNA clong T3E45 3° sindlarto SPTELD_F 26 ] 4 2 -5
8 | TE1587 yaT4h0s g1 Homo sapiens cOMNA clone TES5S 3" simalar to SPJHDG2E 63 Fi LI 5 33
I8 TETBE %2821 2.21 Homo saplens cDiA clone B2020 3 gimilarto gbX14723 1 0 16 17 6 40
AT | TO4a%3 ya3alT 51 Homo sapiens cOMA clone 1199858 3 similar fo go:MaTTTI 47 47 EL] 3 16
4 LiDaas4 Human UDF glucuronosyliransferase precursor [UGTZE15) mRNA, co Fy 22 549 57 16
| L rors Human BEME mRMA, partial cés 16 40 kL] '] 47
30 LI31525 Human giycopenin mRrS, complele cds 41 26 13 i ar
3 | 54162 Human mAMA for & G4 Kd autoantigen sxpressed inthyroid and efra-o 27 12 5 26 1
2 |HA4559 H gapieng mRMA fof lEtranecin -3 o 19 ]
13 ZA9269 H.zapiens gane for chemoking HCC-1 1 12 29 i) kL

M| 48760 H.gapieng pane for chemaking HCC-1 42 27 44 51 3 A

-

| | N

v okt Window

Figure 4.7.

1. Additional menu item that corresponds to obtained genes set
genes.

. 2. Table with selected

4.14. To visualize expression profiles for selected genes, use the “Graph>Specified with
current selection” command from the main menu (fig. 4.8).
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Figure 4.8.

4.15. The “Profile dialog” window with expression profiles for selected genes (fig. 4.9) will
appear.
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Figure 4.9.

1. Area of expression profiles visualization. 2. Expression values for tumorous tissues. 3.
List of genes sets. 4. List of genes. 5. List of tissues groups. 6. Information on gene, profile

of which is pointed by mouse.

It is notable that expression profiles of all represented genes are lower for tumorous tissues
(profiles inside the red rectangle) than for normal ones (profiles outside the red rectangle).




5. Selecting genes with highest correlation between expression profiles

From genes overexpressed in tumorous tissues we have selected the "Human gene
for melanoma growth stimulatory activity (MGSA)", GenBank accession number X54489.

In current chapter it is described how to find genes having expression profiles similar
to that of MGSA. As the similarity measure, the Pearson’s correlation coefficient for
expression profiles will be used.

To perform this task, the following steps are required:

5.1. Use the “Analysis>Correlations>Select most correlated genes” command from the
main menu to call the «Select most correlated genes for specified gene set» dialog (fig.
5.1).
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Figure 5.1.

5.2. Specify the sets of genes to calculate correlations between them by selecting the
appropriate gene, which will be used as the base for correlation analysis (in our case, this
is gene “X54489” — MGSA), from the “Gene list to select from” list (fig. 5.2). Once gene is
selected, press the “Add” button, and it will be relocated into “Specified genes” list (fig. 5.3).

SELTAG: zelect most conelated genes for specihed gene sat

Specify gene sels 1o calculate corralalions Correlstion setup
Previous queryset | = | ' Fields . | (00f 40 selected )

Specified genes | Comelationtype:  |Pearson =l

(Fane list to salact from (query set to compane with) Threshold type and valua
| |EI?=51 M :] |’| 0
- Mu'; . -

K54162 —J Regime to treat multiple genes for query set.
Ha4163
41 B All-= |r-15x. correlation value 1o salect E|
54232

54380 =-Remove Save
H5445T [ 62 teddata |
=-All
. File mame
B - |
HE4ET -
WRAT A hd

[ Initial gene set Current query el narme; |

Output setup Ok I Cancel |

|_ View corr.malrix in separate window

Jawa Applet Window

Figure 5.2.

1. Gene selected for adding to the “Specified genes” list. 2. Button for adding of a gene to
the “Specified genes’ list.
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Figure 5.3.
1. Button for fields selection dialog.

5.4. Specify the calculation parameters:
5.4.1. Specify fields that will be used for calculation by pressing the “Fields” button
(fig. 5.3). The “Field selection” dialog (fig. 5.4.1.1) will appear.
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Figure 5.4.1.1.
1. List of fields. 2. Button for selecting all fields with data on experiments.




In this example, calculation is based on expression measurements, i.e. all numeric
fields, except “Sample” and “T-Test_tumor_vs. Normal”, are used.
Press the “Select all experiments” button to select all fields, and then remove

selection from the mentioned fields by clicking mouse on their names (fig. 5.4.1.2).
Press the “OK” button.
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Figure 5.4.1.2.

1. Selected fields with experiments data. 2. Confirmation button.

5.4.2. Select the appropriate correlation type from the “Correlation type” list (fig.
5.4.2). In this example, the Pearson’s correlation coefficient is used.

Carrelation type: |Pear5cun r j
T
Spearman r
Kendall tay

Figure 5.4.2.

5.4.3. Choose the correlation threshold type (fig. 5.4.3). If the “Best N”, “Best %” or
“Value” threshold types are selected, in the “and value” field specify the threshold value. In
the current example, the “Best N” type with value 30 is used. It means that after

calculations 30 genes with maximal absolute values of correlation coefficients with the
target gene MGSA expression profile will be selected.
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Figure 5.4.3.

1. The threshold type. 2. The threshold value.
5.4.4. Choose the appropriate mode from the “Regime to treat multiple genes for
query set” list (fig. 5.4.4). In this example, the “Max. correlation value to select” mode is
used.
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Figure 5.4.4.

5.5. Specify the data output parameters. In this example, it is required to get a
matrix with correlation coefficients in a separate window. To do this, check in the “View
corr. matrix in separate window” checkbox (fig. 5.5).
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1. Information on the number of selected fields. 2. List of correlation types. 3. List of
correlation thresholds. 4. List of correlation regimes. 5. Checkbox for output of correlation
matrix in a separate window. 6. Confirmation button.

Comment. The figure 5.5 represents the selected calculation parameters.



5.6. Press the “OK” button (fig. 5.5). If sets of genes are not formed or fields for
calculations are not selected, the “Error” message box (fig. 5.6) will appear.
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Figure 5.6.

5.7. During the data processing the “Wait” message (fig. 5.7) appears, and once the
process is over it disappears.
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Figure 5.7.

5.8. Results of data processing:

5.8.1. In the main window the table with selected genes will be represented (fig.
5.8.1). Into the “Select” menu section the new “SelCorr + NO” item corresponding to current
set of genes will be added.
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Figure 5.8.1.

1. The “Select” menu item corresponding to obtained set of genes. 2. Table with obtained
set of genes.




5.8.2. If to open the “View group data” dialog (using the “Group>View” command
from the main menu - fig. 5.8.2.1), then one can see that in the list of experiments the new
«group from SelCorr +NO» item with fields used for calculations (fig. 5.8.2.2) has appeared.
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1. Information on the number of fields and groups in a project. 2. List of groups. 3. List of
fields in the selected group. 4. Information on the selected group.




5.8.3. The «Profile dialog» window (fig. 5.8.3) with expression profiles for selected
genes will appear.
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1. Area of expression profiles visualization. 2. List of genes. 3. List of groups. 4. Group with
fields, used for calculations. 5. Information on gene, profile of which is pointed by mouse.




5.8.4. Since the «View corr. matrix in separate window» checkbox in the «Select
most correlated genes for specified gene set» dialog was checked in, the correlation
matrix’s window with correlation coefficients obtained in data processing (fig. 5.8.4) will
appear.

The figure 5.8.4 shows that genes with GenBank accession numbers M36821,
T40454, U09587, X54942 n 7225521 have expression profiles, which correlate with that of
target X54489 gene in larger degree than others.
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Figure 5.8.4.

1. Column with maximal coefficients of correlation. 2. Column with obtained coefficients of
correlation.




6. Clustering genes by their expression profiles.

In this chapter, the task of clustering genes by similarity of their expression profiles
will be considered. For the first, genes with expression in tumorous tissues that significantly
(by Student’s criterion) differs from that in normal tissues (genes for which the value “T-
Test_tumor_vs._normal” is lesser than 0.0001) should be selected.

To perform this task, the following steps are required:
6.1. Use the “Select>Select genes by query...” command from the main menu (fig. 6.1).
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Figure 6.1.

6.2. The “Make selection” dialog (fig. 6.2) will appear. For the first, choose a field, which will
be used for selection. In the “Field” section press the “Select” button (fig. 6.2).
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Figure 6.2.

1. The “Field” section. 2. The “Select” button for calling the “Calculator options” dialog.

6.3. The “Calculator options” dialog with complete list of fields in the table (fig. 6.3) will
appear. In the list select a field, which will be used for search. In our case it is the field:
«F40 T-Test_tumor_vs._normal».

Press the “OK” button.
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1. Selected field. 2. Confirmation button. 3. Cancel button.

6.4. In the “Make selection” dialog the following changes will occur (fig. 6.4):
e In the text area, the number and the name of selected field will appear:
F40 T-Test_tumor_vs. normal
¢ In the status bar, the information on this field will be shown:
$F40: type=FVALUE.
6.5. Selected field ID should be inserted into expression line. To do this, press the “Insert”
button. In the expression line the following will appear:
$F40

6.6. Using buttons of query entering specify the condition in the expression line (fig. 6.4):
$F40<0.0001

6.7. To start the search process press the “Scan” button (fig. 6.4).
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1. Expression line with selection criteria. 2. Status bar with information on selected field. 3.
Number and ID of selected field. 4. The “Insert” button for insertion of the field’s number
into expression line. 5. Button for search start. 6. Query entering buttons.




6.8. Once the selection is finished, information on the number of found genes will be
represented in the status bar (fig. 6.5), and the “OK” button will become active.
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Figure 6.5.
1. Information on the number of found genes. 2. Button for accepting the search results.

6.9. Press the “OK” button.




6.10. In the application main window the table with selected genes (fig. 6.6) will be
represented. In the «Select» section of the main window menu an additional item with the
name corresponding to selected set of genes will appear. During the project run, the
obtained sets of genes can be saved and remained available by simple switching between
them. To remove the list of tables use the «Remove all selections» command.
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Figure 6.6.

1. Additional menu item that corresponds to obtained genes set. 2. Table with selected
genes.

As a result, the set of 240 genes with significant differences in expression between normal
and tumorous tissues have been obtained. The further analysis will be performed for this
set of genes.




One of the approaches for revealing the clusters of genes with similar expression
profiles is the hierarchical clustering [2]. This approach is based on building a binary tree
for genes using a specified metrics of distance between their expression profiles. Each tree
node binds two descending nodes and branches lengths correspond to distances between
expression profiles.

7. Building the tree of genes.

To perform this task, the following steps are required:

7.1. Use the “Analysis>Clustering>Build tree for genes” command from the main menu (fig.

7.1).
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7.2. The “Tree calculation setup” dialog (fig. 7.2) will appear. For the first, choose the fields

that will be used for calculations by pressing the “Fields” button.
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Figure 7.2.
1. The "Fields" button.




7.3. The “Field selection” dialog (fig. 7.3) with the list of fields will appear.

Field Selection

Fields
¥ Field types filtering Sample “
ORD Turmor_27T
Tumor_249
STRING Turmor_34
Tumor_28
Tumor_345
Turmor_g
™ Field groups filtering Tumor_3
TUFI Turmor_9
Jorma Turmor_4
e -
4 | »
Irert selection
e e | r
i Unselect all
is g
rvErl SelECt o |
Select all experiments
Lneelent 2 |
Ok | Cancel |
Java dpplet Window

Figure 7.3.
1. List of fields. 2. Button for selection of all fields that are expression data.




7.4. In this example, all fields, except the “Sample” and “T-Test _tumor_vs Normal” ones,
are used for calculations. Press the “Select all experiments” button (fig. 7.3) to select all
fields and then remove selection from the appropriate ones (“Sample” and “T-
Test_tumor_vs_Normal’) (fig. 7.4).
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Figure 7.4.

1. Selected fields. 2. Confirmation button.

7.5. Press the “OK” button. In the “Tree calculation setup” dialog, in the area near the
“Fields” button, the information on the number of selected fields will be represented (fig.
7.5). After this, do the following:

Choose the type of correlation from the “Correlation type” list. In this example, the
Pearson's correlation coefficient is used.

Choose the type of distances that are calculated on the base of Rij correlation
coefficients from the «Distance type» list. In this example, the “1-Rij” distance is
used. It means that the coefficient of correlation between pair of genes i and j is
higher the distance is smaller.

Choose the type of nodes amalgamation from the «Amalgamation rule» list. In this
example, the “UPGMA” type is used.

Choose the subset of genes for building a tree from the «Data subset» list. In this
example, the “all genes” subset (all genes from the current table) is used.

Specify the parameters for data output.




o Check in the «Create expr. image» checkbox to obtain the diagram of
expression matrix after calculation.

o Check in the «Make tree for fields» checkbox. In this case, the tree of
similarity between experiments values in expression matrix is calculated, and
visualization of the expression diagram is occurred in accordance to tree of
fields.

The described settings are shown in the figure 7.5.
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1. Information on the number of selected fields. 2. List of correlation coefficients. 3. List of
distance types. 4. List of nodes amalgamation types. 5. List of genes subsets for building a
tree. 6. Checkbox for diagram of expression matrix output. 7. Checkbox that regulates the
order of experiments in accordance to tree of fields. 8. Confirmation button. 9. Cancel
button.

7.6. Press the “OK” button. The “Wait” message box (fig. 7.6.) will appear for the duration
of calculation process.

Wait
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Figure 7.6.




7.7. The “Tree Diagram” window with the tree of genes and expression matrix (fig. 7.7) will
appear.
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1. Main menu. 2. Toolbar. 3. Diagram representation area. 4. Status bar.

7.8. For more illustrative representation of the expression matrix, change the appropriate
parameters. Use the "Image>Image setup" command from the main menu (fig. 7.8).
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Figure 7.8.

7.9. The “Pattern setup” dialog (fig. 7.9) will appear. In this window, the following settings
should be changed:
¢ In the “Palette type” list choose the “Geographic map colors” palette type.
¢ In the “User defined values:” field set the value «2000» for maximum and «—100» for
minimum.




¢ In the “Number of intervals” list select the value «40».
The described settings are shown in the figure 7.9.
Press the “OK” button. The matrix palette will change in accordance with selected settings.
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1. List of palettes. 2. User-defined maximal value. 3. User-defined minimal value. 4. List of
intervals. 5. Confirmation button. 6. Cancel button.




7.10. It is illustrative on the tree diagram, that genes are divided into two large clusters. To

continue analysis for the one of them only, press the E button to turn on the mode for
selection of descending nodes by mouse clicking, and click on the root node of the cluster.
All nodes and branches of the selected cluster (cluster 1 for the further) will be highlighted
by red (fig. 7.10). Click on the selected cluster by the right mouse button and choose the
appeared “Make subtree by descent nodes” command (fig. 7.10).
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Figure 7.10.

1. Button for descent nodes selection mode. 2. Selected node. 3. Command for building the
tree of selected cluster.




7.11. The window with tree and expression matrix for cluster 1 will appear (fig. 7.11). It is
notable that color expression diagram is characterized by division of experiments (all
columns except the first and the last ones) into two groups. The left part of diagram for the
cluster of genes, shown on figure 7.11, has the higher expression level than the right one.
In this case, the left part represents the expression values for the tumorous tissues. Such a
division is a result of additional clustering of tissues simultaneously with that of genes
(option 7 of panel on figure 7.5)
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Figure 7.11.




7.12. The table with genes from the cluster 1 (fig. 7.12) will be represented in the main
window. It is illustrative that genes X54489 and X54942 with high expression in tumorous
tissues have been included in this table.
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Figure 7.12.

1. Additional menu item corresponding to obtained set of genes. 2. Table with selected
genes. 3. Selected gene.




7.13. In the main window choose the "Graph>Specified with current selection" command of
the main menu. The “Profile Dialog” window with expression profiles of genes from the
cluster 1 (fig. 7.13) will appear. It is illustrative that, for this cluster, the expression values in
tumorous tissues (profiles inside the red rectangle) are higher than in normal ones (profiles
outside the red rectangle).
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1. Genes profiles visualization area. 2. List of genes sets. 3. List of genes. 4. List of groups.

5. Information on gene, profile of which is pointed by mouse.




7.14. Perform the steps described in 7.10-7.13 for the second cluster. The obtained tree,
table of genes and profiles of genes for the cluster 2 are shown in the figures 7.14-7.16. It
is illustrative that, for this cluster, the expression values in tumorous tissues (profiles inside
the red rectangle) are lower than in normal ones (profiles outside the red rectangle) (fig.
7.16).
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Figure 7.15.

1. Additional menu item corresponding to obtained set of genes. 2. Table with selected
genes. 3. Selected gene.
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Figure 7.16.

1. Genes profiles visualization area. 2. List of genes sets. 3. List of genes. 4. List of groups.

5. Information on gene, profile of which is pointed by mouse.

Thus, the hierarchical clustering analysis has allowed to select two clusters of genes

that differ

in their relative expression values

in tumorous and normal tissues.




8. Principal components analysis.

In the current chapter, the usage of principal components [3] in analysis of 240
selected genes expression is described. During the analysis, the expression table is being
represented as a cloud of dots in multidimensional space. Each coordinate of this space
represents the expression in appropriate tissue (experiment), and genes are represented
as dots, location of which is defined by the expression values in experiments set. In this
space, the set of axes, number of which is equal to that of experiments, and which are
mutually orthogonal, is being calculated. Moreover, dispersion of dots along the first axis
should be absolutely maximal, the similar dispersion along the second axis should be
maximal among the remaining values, etc. These axes are referred to as components. The
values of dots dispersion along these axes are characterized by sets of eigenvalues for
components. Directions of these axes in the space of experiments are referred to as
loadings. The first k of components that have the maximal dots dispersion are referred to
as k principal components. To visualize data, most commonly use k=2, and consider the
plot of dots' projection onto plane of the first two components. Such a plot allows to
illustrate the location of dots in multidimensional space as well as to reveal existing clusters
of genes.

To perform this task, the following steps are required:

8.1. Use the “Analysis>Principal component” command from the main menu (fig. 8.1).
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Figure 8.1.

8.2. The “Setup for principal component analysis” dialog (fig. 8.2) will appear. Press the
“Fields” button (fig. 8.2).
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Figure 8.2.
1. Button for call the “Field selection” dialog.




8.3. The “Field selection” dialog (fig. 8.3) that provides the choice of fields will appear.
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Figure 8.3.
1. List of fields. 2. Button for selection of all fields that are expression data.




8.4. In this example, all fields, except the “Sample” and “T-Test _tumor_vs Normal” ones,
are used for calculations. Press the “Select all experiments” button (fig. 8.3) to select all
fields and then remove selection from the appropriate ones (“Sample” and “T-
Test_tumor_vs_Normal”) (fig. 8.4).
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Figure 8.4.
1. Selected fields. 2. Confirmation button.

8.5. Press the “OK” button. In the “Setup for principal component analysis” dialog, in the
area near the “Fields” button, the information on the number of selected fields will be
represented (fig. 8.5.1). After this, do the following:
e Choose the type of matrix from the “Matrix type” list. In this example, the correlation
matrix is used.
e Press the “Calculate” button.
The “Wait” message box (fig. 8.5.2) will appear for the duration of calculation process.
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Figure 8.5.1.

1. Information on the number of selected fields. 2. List of matrix types. 3. Calculation start
button.
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Figure 8.5.2.




8.6. In the “Setup for principal component analysis” window, in the «Component plots» list,
components (eigenvectors), numbered in descending eigenvalues order, will appear (fig.
8.6).
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Figure 8.6.

1. List of components. 2. String of eigenvalues summation for selected in the «Component
plotsy list items. 3. Projection building settings. 4. Confirmation and exit button.

8.7. Choose the first and second components in the “2d projection plot for genes” section
and press the “Draw” button (fig. 8.6).




8.8. The “Graph” dialog with plot of genes distribution in the space of 2 principal
components (fig. 8.8) will appear. On the plot, the two clusters along the ordinate axis can
be selected. To select one of them, click the right mouse button as shown in the figure 8.8.
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1. Plot area. 2. Selected cluster.




8.9. The “Operations with marked items” dialog that allows to operate the selected objects
will appear. The list contains the genes of selected cluster. In order to change the color of
plot objects, select all genes in the list by pressing the “<-Select all” button (fig. 8.9).
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Figure 8.9.

1. List of genes that were included in the selected zone on the PCA plot. 2. The “<-Select
all” button.

8.10. All genes in the list will become selected (fig. 8.10). Press the “Color” button.
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Figure 8.10.
1. Selected genes. 2. Button for color selection dialog.




8.11. The “Color chooser dialog” window (fig. 8.11) that provides an object color selection
will appear. Once selection is done, press the “OK” button.
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Figure 8.11.
1. Color selector. 2. Color line. 3. New color preview area. 4. Confirmation and exit button.

8.12. The cluster will be painted in the selected color (fig. 8.13).

Fie

Eime & & %[ &

Projection of cards to X-Z plans

3000.

|
|
|
|
2500, |
|
|
2000. |
|
1500, 0]

il 7]

Componer 2

-500. - oh

-1000.

=1500.

Q
0a0oT
07000z
000 0E
Loliilaln &
0°00ons
LR
00008

0°po0E:
0" p0z-
070007

Corngonent 1

| H53M 6 |%=1124 6389889, ¥=1457.873402
[ Applet Wi

Figure 8.12.




8.13. To change the color of second cluster, repeat actions 8.8-8.11. The result is shown in
fig. 8.13: the red cluster will reffered to as cluster 1, and the blue one - cluster 2.
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Red color of the cluster 1. Blue color of the cluster 2.




8.14. To get the diagram of cluster 1 genes' profiles, select the cluster by drawing a
rectangle at hold mouse right button as shown in figure 8.13. The “Operations with marked
items” dialog will appear. Select all genes by pressing the “<-Select all” button and then
press the “Profile Graph” button (fig. 8.14).
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Figure 8.14.
1. Select all genes button. 2. Button for the “Graph” dialog with profiles of selected genes.




8.15. The dialog with profiles of genes in cluster 1 (fig. 8.15) will appear. It is illustrative,
that genes in cluster 1 have the lower expression level in tumorous tissues than in normal

ones.
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Figure 8.15.

1. Genes profiles diagram area. 2. List of genes sets. 3. List of genes. 4. List of groups. 5.
Information on gene, profile of which is pointed by mouse.




8.16. In the main window, the table with genes from cluster 1 (fig. 8.16) will be represented.
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8.17. On building the expression profiles for cluster 2 (blue cluster on fig. 8.13), it is
illustrative that genes of this cluster are overexpressed in tumorous tissues if compared
with normal ones (fig. 8.17). Thus, the second component represnts the relative expression
of genes in tumorous/normal tissues. If the projection is positive, it means the gene is
expressed presumably in normal tissues, if negative - in tumorous ones.
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Figure 8.17.

1. Genes profiles diagram area. 2. List of genes sets. 3. List of genes. 4. List of groups. 5.
Information on gene, profile of which is pointed by mouse.




8.18. To analyse the genes distribution along the abscissa axis, i.e the first component,
select the genes with minimal and maximal values of the component as shown in figure
8.18. Build the expression profiles plot (described in 8.14-8.15) for the selected genes.

e

Figure 8.18.




8.19. Expression profiles plot for genes marked with green in figure 8.18 is shown on fig.
8.19.1. That for genes marked with orange in figure 8.18 is shown on fig. 8.19.2. When
compared, it is illustrative, that genes of green cluster have the total expression level lower
than that of orange one.
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1. Genes profiles diagram area. 2. List of genes sets. 3. List of genes. 4. List of groups. 5.
Information on gene, profile of which is pointed by mouse.
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1. Genes profiles diagram area. 2. List of genes sets. 3. List of genes. 4. List of groups. 5.
Information on gene, profile of which is pointed by mouse.




8.20. To analyze the plots for the first two components, select these components in the
"Component plots" list in the "Setup for principal component analysis" dialog as shown on
figure 8.20 and press the "Loadings plot" button.
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Figure 8.20.

1. The “Component plots” list with two selected components. 2. Button for the «Graph»
dialog.




8.21. The «Graph» dialog with group values for each component (fig. 8.21) will appear. It is
illustrative on the plot, that all coefficients for the first component are positive and
approximately equal, thus it is reasonable, that the first component is responsible for total
expression level. The plot for the second component shows that for tumorous tissues all

coefficients are negative, and for normal one - positive.
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1. Components profiles diagram area. 2. List of components. 3. List of groups. 4.

Information on component, profile of which is pointed by mouse.

It is reasonable, that the first component represents total expression level in all tissues.
Genes with higher projection value for this component are overexpressed, genes with
projection value close to 0 are downexpressed. The second component is supposed to be
responsible for expression diversities in tumors and normal tissues.
Thus, the analysis of the first two components for the set of 240 genes has allowed
revealing two clusters of genes with different relative expression levels in tumors and
normal tissues. At he same time, this analysis have showed that projection of expression
value on the first component reflects the total gene expression level, while that on the
second component characterizes relative gene expression in normal and tumorous tissues.




9. Resume.
Represented analysis of data from the notterman2001_set1.txt file implementing
several methods has allowed to select sets of genes, which are expressed differentially in
normal and tumorous tissues.
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