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l.) Synthetic Gene-Expression Data Analysis

Supplementary data for Fig.1:

The synthetic gene-expression data
(http://fgcz-intranet.uzh.ch/Publish/publications/GyeneseiEtAl2007/SynthSampleDatal.txt):

| samplegeneexpressiondataforFigl. |
cl c2 c3 c4 c5 c6 c7 c8

gene A 3.55 257 228 202 353 355 330 291
gene B 352 223 206 267 369 339 392 278
gene C 3.13 230 247 256 312 342 370 2.67
gene D 338 237 246 253 365 321 322 281
geneE | -243 -154 -150 -1.13 -284 -2.09 -2.13 -1.99
gene F -245 -1.04 -1.32 -1.44 -217 -220 -235 -1.90
geneG | -291 -164 -181 -1.78 -2.32 -280 -2.79 -1.15
| _gene H 247 -140 -165 -1.11 -2.69 -2.06 -2.80 -1.23

e The MAP algorithm produces the following result (SynthSampleDatal.map):

{1,2,345678:1234(-) 56,78} (88)

e Traditional APD methods provide the following results:

{12345,6,78:1,234} (84)
{123456,78:56,7,38}(84)



The PNCGC algorithm (Ji and Tan, 2004) gives the following result(given in
http://fgcz-intranet.uzh.ch/publish/Publications/GyeneseiEtAI2007/PNCGC.zip
(datal_posneg.txt)):

There are 3 Positive and Negative Co-regulated Gene Clusters in all.

(Genel Gene5 Gene6 )@(A1A3, ALA4, A2A5, A2A6, A3AS5, A3AB, A3AT7, A4A5, A4AB, AAAT, A4A8, )

(Gene2 Geneb Gene6 )@(A1A2, ALA3, A2A5, A2A6, A2A7, A3AS5, A3AG6, A3A7, A3A8, A4A5, AdAT,)

(Gene5 Gene6 )@(A1A2, A1A3, A1A4, A2A5, A2A6, A2AT, A3A5, A3A6, A3AT, A3A8, AAA5, A4A6, A4AT, A4A8,)

This synthetic data set has also been mined using the bi-clustering methods Bimax, CC,
ISA and OPSM, as implemented in the BICAT software (see section 2.7). The result files
are collected in a folder “SynthSampleDatal” and stored in a zipped folder, which can be
downloaded from:

http://fgcz-
intranet.uzh.ch/publish/Publications/GyeneseiEtAI2007/MAPProfilesAndBiclusters.zip. Th
e respective result files (e.g. “SynthSampleDataSet1.MAP.txt” etc) for each algorithm as
given by BIiCAT consist of three rows per cluster: The first row corresponds to the number
of genes and number of conditions, resp. The second row comprises the genes in the
cluster and the third row the conditions. For each cluster, a graphical output was produced
as a .png file. The naming of the file is composed of the number of genes, the number of
conditions and the row number in the result file.

Supplementary data for Fig.2:

The synthetic gene-expression data
(http://fgcz-intranet.uzh.ch/publish/publications/GyeneseiEtAI2007/SynthSampleData2.txt):

cl c2 c3 c4 c5 c6 c7 c8

gene A 3.18 3.12 367 -275 -201 -2.81 342 276
gene B 3.19 3.05 361 -219 -216 -2.80 3.76 259
gene C 3.63 385 391 -260 -256 -2.07 3.49 263
gene D 364 323 3.03 -209 -210 -2.06 3.33 2.96

gene E -254 -298 -245 3.13 363 318 -225 -1.11
gene F -2.48 -2.18 -2.28 348 390 360 -2.02 -1.32
geneG | -2.15 -2.08 -245 393 384 351 -266 -1.90
gene H -215 -296 -290 354 322 372 -220 -1.05

The MAP algorithm produces the following result (SampleData2.map):

{1,2,3,45,6,78:1,23,4(-)56,7,8} (8,8)

Traditional APD methods do not provide any results for all of the conditions.

The PNCGC algorithm (Ji and Tan, 2004) gives the following result(given in http://fgcz-
intranet.uzh.ch/publish/Publications/GyeneseiEtAI2007/PNCGC.zip (data2_posneg.txt)):

There are 0 Positive and Negative Co-regulated Gene Clusters in all.

This synthetic data set has also been mined using the bi-clustering methods Bimax, CC,
ISA and OPSM, as implemented in the BICAT software (see section 2.7). The result files
are collected in a folder “SynthSampleData2” and stored in a zipped folder, which can be
downloaded from:

http://fgcz-
intranet.uzh.ch/publish/Publications/GyeneseiEtAI2007/MAPProfilesAndBiclusters.zip
.The respective result files (e.g. “SynthSampleDataSet2.MAP.txt” etc) for each algorithm
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as given by BICAT consist of three rows per cluster: The first row corresponds to the
number of genes and number of conditions, resp. The second row comprises the genes in
the cluster and the third row the conditions. For each cluster, a graphical output was
produced as a .png file. The naming of the file is composed of the number of genes, the
number of conditions and the row number in the result file.



Randomized data of Fig.2:

The synthetic gene-expression data
(http://fgcz-intranet.uzh.ch/publish/Publications/GyeneseiEtAl2007/SynthSampleData3.txt):

cl c2 c3 c4 c5 c6 c7 c8
gene A -245 -225 -202 312 385 3.84 3.03 296
gene B -245 -219 -2.75 36 259 -256 -2.16 2.63
gene C 364 -245 -281 376 361 348 -2.2 3.9
gene D 363 -2.09 318 -2.06 3.13 -298 349 -1.11
gene E 3.18 -1.05 367 -2.01 351 342 -2.08 276
gene F -215 322 -28 -29 323 372 -2.07 3.33
gene G 3.19 -19 -296 354 363 -228 3.05 -2.45

| _geneH -215 -132 391 -26 -2.18 -2.1 393 -2.66

e The MAP algorithm produces the following result (SampleDatal.map):

{7.8:2,356(-) 47,8} (2.7)
{6,8:1,356(-) 47,8} (2.7)
{6,7:1() 2} (2.2
{6,7.8:3,56(-) 47,8} (3,6)
{5.8:1,2,356 () 8} (2,6)
{5.7.8:2.356 () 8} (3.5)
{56,8:1356 () 8} (3,5)
{56,7,8:356 () 8} (4.4)
{4,7:1,7 () 5,6} (2,4)
{4,6:2,7 ()56} (2,4)
{4,6,78:56(-) 7} (4.3)
{45456} (2.3)
{45,6,7,8:56} (5,2)
{3.8:1,2,3,6 (-) 48} (2.6)
{3.7.8:2.3,6(-) 4,8} (35)
{36,8:1,3,6 (-) 4,8} (35)
{3.6,7,8:3,6 (-) 4,8} (4.4)
{35:1,2.36,7 () 8} (2.6)
{358:1.236 () 8} (35)
{35,7,8:2,3,6 (-) 8} (4.,4)
{35,6,8:1,36 () 8} (4.4)
{35,6,7,8:3,6 () 8} (5,3)
{34:1237(-) 458} (27)
{3.48:1.23(-) 4,8} (35)
{34,7:17(-) 5} (3.3)
{3.4,7,8:2,3 (-) 4.8} (4,4)
{3.4,6:27(-) 5} (3.3)
{34,68:1,3(-) 4,8} (4,4)
{34,6,7,8:3(-) 4,8} (53)
{34,678:5(-)7}(52)
{34,5:123,7 () 8} (35)
{3.458:1,2,3 (-) 8} (4,4)
{34,57,8:23 () 8} (53)
{34,56,8:1,3 () 8} (5,3)
{1,8:1,2,6 (-) 47} (2.5)
{1,7:1,8 () 3,5} (2,4)
{1,7.8:26 () 47} (3.4)
{16:2,8(-) 3,5} (2,4)
{1.68:16(-) 47} (3.4)
{15:3,457(-) 8} (2.5)
{1,5,6,7,8:35 (-) 8} (5.3)
{14:3,7 () 6,8} (2,4)
{1,3:1,2,6 (-) 45} (2.5)
{1,38:1,2,6 (-) 43 (3.4)
{1,3,7,8:26(-) 4} (4.3)
{1,3.6,8:1,6 (-) 4} (4,3)
{1,358:1,2,6} (4,3)
{13578 2,6} (5,2)
{1,3,5,6,8: 1,6} (5,2)
{1,34:1,2 (-) 45} (3.4)
{1,348:12(-)4}(4.3)
{1,347 :1(-) 5} (4.2)
{1,34,7,8:2(-) 4} (5.2)



{1,34,6:2(-) 5} (4,2)
{1,34,6,8:1 ()4} (5.2)
{1,345:3,7(-) 8} (4,3)
{1,3.456,7,8:3 () 8} (7.2)
{2,7:1,4,7,8 (-) 6} (2.5)
{2.6:24,7,8(-) 6} (2.5)
{2,6,7,8:4,7,8 () 6} (4,4)
{25:1,2,3,4,57} (2,6)
{2,58:1,235} (34)
{257:1,4,7} (3,3)
{2,5,7,8:2,3,5} (4,3)
{256:24,7} (3,3)
{2,56,8:1,3,5} (4,3)
{2.4:1,23,7(-) 6} (2.5)
{24,7:1,7(-) 6} (3,3)
{2.4,6:2,7(-) 6} (3,3)
{23:458(-) 6} (2,4)
{2.36,7.8:4,8 () 6} (5.3)
{2,356,7,8:6 (-) 8} (6.2)
{2,3,4: 458} (33)
{2.34,6,7,8: 4,8} (6,2)
{2345:1,2,37} (4,4)
{2,3458:1,2,3} (5,3)
{23457:1,7}(5,2)
{2,345,7,8:23} (6,2)
{2,3456:2,7}(52)
{234,568 1,3} (6,2)
{12:1,2,8}(2.3)
{1,2:345,7 (-) 6} (2.5)
{12,7:18}(32)
{1,2,6:2,8}(32)
{1,2,6,7.8 4,7 (-) 6} (5.3)
{1,25:345,7} (34)
{1,25,6,7,8 : 3,5} (6,2)
{1,256,7,8: 4,7} (6,2)
{1,24:37(-) 6} (3,3)
{1,2,4,6,7,8:6 (-) 7} (6.2)
{1,2,3:4,5(-) 6} (3,3)
{1,2,36,7,8:4 () 6} (6.2)
{1,2,345:3,7}(5,2)
{12,345 4,5} (52)
{1,23458:1,2} (6,2)

e The PNCGC algorithm (Ji and Tan, 2004) gives the following result(given in
http://fgcz-intranet.uzh.ch/publish/Publications/GyeneseiEtAI2007/PNCGC.zip
(datal_posneg.txt)):

e This synthetic data set has also been mined using the bi-clustering methods Bimax, CC,
ISA and OPSM, as implemented in the BICAT software (see section 2.7). The result files
are collected in a folder “SynthSampleData3” and stored in a zipped folder, which can be
downloaded from:
http://fgcz-
intranet.uzh.ch/publish/Publications/GyeneseiEtAI2007/MAPProfilesAndBiclusters.zip. Th
e respective result files (e.g. “SynthSampleDataSet3.MAP.txt” etc) for each algorithm as
given by BIiCAT consist of three rows per cluster: The first row corresponds to the number
of genes and number of conditions, resp. The second row comprises the genes in the
cluster and the third row the conditions. For each cluster, a graphical output was produced
as a .png file. The naming of the file is composed of the number of genes, the number of
conditions and the row number in the result file.

Running Example: Sample data set: SynthSampleData4.txt

g1 g2 g3
cl -1 1 -1
c2 1 0 1
c3 1 -1 1



http://fgcz-intranet.uzh.ch/publish/publications/GyeneseiEtAl2007/data1_PNCGC.zip
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The mining is carried out in two steps in which the first step constructs a compact data structure
called Gene Profile tree (or GP-tree), and the second step extracts the frequent co-regulated gene
profiles directly from the GP-tree structure.

Step 1: Constructing a GP-tree. A GP-tree is constructed by reading the expression data condition
by condition and mapping each condition onto a path in the GP-tree. A path compression occurs
when two or more conditions have the same gene profile starting from the first gene in the tree.
More overlapped paths result in a more compressed dataset and a smaller tree. As a consequence,
the mining algorithm needs less time to extract the frequent co-regulated profiles from the GP-tree
structure.
Te next figure illustrates how the GP-tree is constructed and updated for the first, second and last
conditions from the sample data given above.

Note that genes are followed by their supports in both the header table and the tree. The
parent distances (or gene distances) are shown on the edges between the child and its parent. For
more detail, see Gyenesei et al., 2006.
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Step 2: Mining Co-Regulated Gene Profiles Using the GP-tree. The developed mining algorithm
generates co-regulated gene profiles from the constructed GP-tree by exploring the tree in a top-
down and recursive manner. It splits the problem into sub-problems by decomposing the GP-tree
into disjoint sub-GP-trees, and then calls the recursion again with the sub-trees. If the constructed
sub-GP-tree has only a single branch then all co-regulated gene profiles are enumerated directly
from the single branch.
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II.) Yeast80 and Compendium Data Sets Analysis

Supplementary data for Table 2:

The capability of our MAP implementation for various support thresholds (yeast80):

YEASTS80 COMPENDIUM
Condition Gene Running | Number Condition Gene Running | Number
support support time of support support time of
threshold | threshold | (insec.) | patterns threshold | threshold | (insec.) | patterns
10 3 340 10 6 73831
9 3 608 9 7 82433
8 3 1097 8 8 91246
7 4 1998 7 8 99958
10 6 4 3434 10 6 9 108362
5 5 5776 5 9 116223
4 5 9419 4 13 123686
3 6 14615 3 15 129753
2 6 19751 2 17 133228

Supplementary Table for Chapter 3.1, Parameter settings for MAP and the different
biclustering methods:

For MAP and Bimax both, up and down regulated genes were considered. For ISA, OPSM and CC
the parameter values recommended by the authors were used. For an explanation of the different
parameters, see the original literature.

Algorithm parameter settings

MAP Discretization threshold = 1 (-1), min cluster size = 10x10
Bimax Discretization threshold = 1 (-1), min cluster size = 10x10
ISA Threshold for genes = 2.0, threshold for conditions = 2.0
OPSM Number of passed models for each iteration = 10

CC 8 =0.5, a =1.2, number of bicluster: 50

Supplementary Results for Chapter 3.1

This Yeast80 data set has also been mined using the bi-clustering methods Bimax, CC,
ISA and OPSM, as implemented in the BICAT software (see section 2.7). The result files
are collected in a folder “Yeast80” and stored in a zipped folder, which can be downloaded
from:

http://fgcz-
intranet.uzh.ch/publish/Publications/GyeneseiEtAI2007/MAPProfilesAndBiclusters.zip. Th
e respective result files (e.g. “MAPoutput. YEAST80.txt” etc.) for each algorithm as given
by BICAT consist of three rows per cluster: The first row corresponds to the number of
genes and number of conditions, resp. The second row comprises the genes in the cluster
and the third row the conditions. For each cluster, a graphical output was produced as a
.png file. The naming of the file is composed of the number of genes, the number of
conditions and the row number in the result file, e.g. 55 10 31.txt
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lll.) Cluster Data

The results produced by MAP can be presented as a data matrix of patterns versus genes. The
hierarchical clustering of patterns and of genes results based on the metric described in section 2.6
can be visualized as in Fig.6. The MAP software produced files that can be used by the software
MapleTree (http://rana.stanford.edu) for display. The respective output files from MAP for the
Yeast80 data set can be downloaded from here:
http://fgcz-intranet.uzh.ch/publish/Publications/GyeneseiEtAlI2007/ClusterData.zip

IV.) Gene Ontology Results

For each MAP profile and for each bi-cluster of all bi-clustering methods, a Gene Ontology (GO)
analysis was carried out using the ErmineJ software. For each single analysis, a file was created.
The files are store in a zipped folder and can be downloaded from here:
http://fgcz-intranet.uzh.ch/publish/Publications/GyeneseiEtAI2007/GOANalysisYeast80.zip

The naming of the GO result files is based on the naming of the respective bicluster or profile as
indicated above in the section “Yeast80 and Compendium Data Set Analysis”, in the subsection:
“Supplementary Results for Chapter 3.1”

Example: GO_55 10 31.txt means a bi-cluster or profile with 55 genes and 10 conditions. In the
result file, the entry for this cluster starts at line 31



V.) Pathway Analysis

Two profiles found by MAP in the Yeast80 data were biologically especially interesting and were
mapped onto two different KEGG pathways. The genes found in the respective profiles and
pathways are coloured yellow.
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Profile: 11_10_232: Glycolysis-Pathway
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V1.) Software usage

A demo version of the software can be downloaded from:
http://fgcz-intranet.uzh.ch/publish/Publications/GyeneseiEtAI2007/ MAPsoftware.zip

In the following a short manual is added on how to use the software. The respective files can be
downloaded from the supplementary data web-site (http://www.fgcz.ch/publications/map):

1.) Go to the tab “Data processing”, click on “Open expression data” and upload a gene expression
data matrix like “Yeast80.txt”. Give an upper and a lower threshold for regulation.

Instructions

Expression data:

1. Since this iz a DEMO version, only the following files can be opened by the program:
Compendium, *east80 and any other expression data with less than 50 genes and conditions.

2. It zhould be a tabular separated test file such as:
UMIQID  [tab] DESC [tab] condl_name [tab] condZ_name [tab] ...
ID_genel [tab] DESC_genel [tab] genel_exp wvaluel [tab] gened_exp walue [tab] ...
ID_gene? [tab] DESC_gene? [tab] genes_exp_wvaluel [tab] gene?_exp_walue? [tab]

[for eramples, zee zample data in the Data directony)
3. Gene up and down regulation should be set to 1441 or 0.3/40.3, depending on

whether the expreszion values are given as loge or log10 values, to get the 2-fold change.

Mate that only Compendium data iz given in logl0, the others [vYeast80, Samplel, Sample2] are in
log2.

Pattern data:
1. Fleaze open expression data first

Ewpreszion data

Gene up/down regulation above/below: |1 2

\/ Open exprezzion data ‘

Murmnber of conditionz: 20 Mumber of genes: 6221

Pattern data [co-regulated gene prafiles)

o [pen pattern data

Murnber of co-requlated gene profiles: 340 Murnber of hidden praofiles: 124

Data processing




2.) Go to the tab “mining gene profiles” and generate a .dat file containing co-regulated profiles.
Give the minimum size of the profiles in terms of number of conditions and number of genes.

“MAP - Mining Co-Regulated Gene Profiles (DEMO version)

Diata proceszing

Instructions

Mining gene profiles  Clustering profiles | Profile viewer

tining parameters:

1. Please open the expression data first

2. Before running the mining process, please set the support thresholds: the minimum numbers of
genez and conditionz. Haote that the support threshold for genes should be at least 2

3 'ou hawve to save the profiles in arder to display them by Profile viewer

tining frequent co-regulated profiles

inimum number of conditions ¢ genes in the profiles. 10 #10

v Sawve the dizcovered profiles

q/ Mining

MHumber of co-regqulated gene profiles: 340

Pre-proceszing time: Omin 2zec tining time; Omin 1gec

Mining co-regulated gene profiles




3.) Go back to the tab “Data processing and open the pattern data produced in 2.) or download the
respective file from our supplementary data web site (“ProfileData.zip™)

Instructions

Exprezsion data:

1. Since thiz iz 8 DEMO version, only the following files can be opened by the progran:
Compendium, *reast80 and any other expression data with lezs than B0 genesz and conditions.

2. It zhould be a tabular separated test file zuch as
UMIBID  [tab] DESC [tab] condl1_name [tab] condZ_name [tab] ...
|D_genel [tab] DESC_genel [tab] genel_exp_waluel [tab] gene_ewp_waluel [tab] ...
|D_gene [tab] DESC_genel [tab] gene2_exp_waluel [tab] genel_exp_value? [tab] ...

[for examples, zee sample data in the Data directory)
3. Gene up and down regulation should be get ba 147 or 0.3/-0.3, depending on

whether the expression values are given as logZ or log10 values, to get the 24old change.

Mate that only Compendium data iz given in log10, the others [veaszt80, Sampled, Sample] are in
log2.

Fattern data:
1. Please open expression data first

Esprezsion data

Gene updown requlation abovesbelow: |1 A1

\/ Open expreszion data |

Mumber of conditions: 80 Mumber of genes: 6221

Fattern data [co-regulated gene profiles)

o Upen pattern data

Mumber of co-requlated gene profiles: 340 Mumber of hidden profiles: 124

Data processing




4.) Cluster the profiles and the respective gene in the tab “Clustering profiles”. Start MapleTree to
view the resulting clusters

Profile viewer

Data proceszing | Mining gene profiles

Cluztering profiles

Instuctions

Cluztenng profiles:
1. Previously hidden and non-hidden profiles can be distinguished; they will be displaved

by different colors using MapleTree [green for the hidden and black for the non-hidden praofilez)
2. Both profiles and genes are clustered

b apleT ree:

1. Maple Tree iz a java-bazed, open source, crozs-platform visualization toal to graphically browsze
the results of clustering analyzes from different cluztering and analysis programs.
Maple Tree was developed by Liza Simirenko in the Eizen Lab.

2 In MapleTree, you can load the cluster data under menu: Load / Hierarchical Cluster Data

3 1f you cloze MapleTree pou will be redirected to MAP

Cluztenng co-regulated gene profiles

[v Distinguish previously hidden and non-hidden profiles

| J Clustering co-regulated gene profiles |

Fun MapleT ree [developed by Eizen Lab)

‘ o MapleTres |

Clustering co-requlated gene profiles




5.) View the profiles resulting from 3.) in the tab “Profile view”. You can choose the profile based

on the number

[ata processing

Mining gene prafiles

Cluzstering profiles

Exit

Frofile viewer

Pattern [D: |1'| |

B

show

[1-34m)

firgt ‘ E[E'-.-'| ﬂEHt| last ‘

Fattern properties:

Humber of genes: 55
Previouzly hidden: pes

Mumber of conditions: 10
Ave. correlation: 0.93 B

I:I N

B2

B2 Sporulation 30m

B3: Sporulation 2h

E4: Sporulation Sh

E5: Sporulstion 7h

BE: Sporulation Sh

70: Sporulation 1Th [+, Bh)
71: Sporulation ndt80- Early
T2: Sporulation ndt80- Middle

79
a0

: Diausic Shift 0.2g/L
; Diausic Shift Og/L

Display coregulated gene profiles

4531 YDLOBZW |~
4541: YDLOB3C
4563 YDR47TW
4363: YIL133C
5007: YJR145C
5142 YPL143w
5200: YEROSAW
5344: YPLO7 3w/
5376: YELO30W
5556: YHLO 5w
5583: M LOETw
5793: YPLZ20W/
5977 YLRO44C
60718: YPLOSTW
6088: YLR 048w
B140: Y ER2T 4w
E163: YMR242C

with oppozite exp:
133 YHLOZ4w

2933 WMR133W
3879 YMLOA2w

wOLO22w RPL134  protein synthesiz

[YDLO33C RPS16B  protein sunthesis

YDRATTW RAPLZYE  protein synthesiz
YIL122C RPLIBA  protein synthesis
YJIR145C RPS44  protein synthesis
WPL143w RPL33S  protein synthesis
TYEROEMW RPS214  protein synthesis
YPLO?Sw RPLZ1E  protein synthesis

vGELO3MW  APL30
YHLOMSW RPS20
YMLOE3w RPS1E
YPL220WY RPL1A
YLRO44C PDCA

YPLOGTY APSS4

| [¥LRD48w RPSOB

YGER214w RPS04
YMAZ42C RPL20A

pratein synthesis
protein syntheszis
pratein synthesis
pratein synthesis
glpcolyziz
praotein synthesis
protein synthesis
protein synthesiz
pratein synthesis

with oppozite exprezzion;

YHLOZ4w MOS1

sporulation [putative

WMAT3IMW RECT14  meiosis, recombing

L0 CAT2

< | 1

fatty acid tranzport
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