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1 Introduction

Copy number changes, such as deletions and amplifications, are common
aberrations in cancer and are known to involve genes that play a crucial role
in the development and progression of the malignant disease [5]. The copy
number changes span usually large regions of the genome and therefore in-
fluence multiple genes at the same time. Comparative genomic hybridization
(CGH) on DNA microarray allows simultaneous monitoring of copy numbers
of thousands of genes throughout the genome [6], [7].

CGH-Plotter is a versatile software that allows the user to plot CGH
copy number data as a function of the position of the genes along the hu-
man genome, and to rapidly determine the exact locations of copy number
changes, such as amplicons and deletions.

In this user manual we explain in details:

1. How to install CGH-Plotter,

2. How to use CGH-Plotter,

3. How to store and analyze the results,

4. What are the assumptions behind the analysis.

We also provide several examples on the use of CGH-Plotter.

2 Installation

CGH-Plotter requires Matlab 6.1 or higher in order to operate. Accordingly,
all data must be in Matlab (*.mat) format or in tab delimited text (*.txt)
format.

2.1 Installation Instructions

Archive 'CGH-Plotter.zip’ consists of five folders: CGH-Plotter, gui, am-
pli_math, data_structs and ampli_data.

e Main folder CGH-Plotter contains the following folders and files:
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ampli_math
"CGH_Plotter.m’ and "CGH_Plotter.fig’.

e Folder gui (Graphical User Interface) includes functions and corre-
sponding figures:

‘create_struct.m’, ’create_struct.fig’

"amplikoni.m’, ’amplikoni.fig’

— 'plot_data.m’, 'plot_data.fig’

‘end_all.m’, ’end_all.fig’

e Folder ampli_math includes all mathematical functions used in CGH-
Plotter:

‘combined.m’
‘compute_kmean.m’
‘cumulative.m’
"define_amplicons.m’
"dynamic_prog.m’
filter_data.m’
"handle_NaNs.m’
’kmean.m’
‘transform_data.m’

'writeresults.m’

e Folder data_structs can be located arbitrary. It is meant for storage of
data structs of CGH-data and is initially empty.

e Folder ampli_data is intended for storing the analyzed data and it can
be located arbitrary. Folder ampli_data is initially empty.

The diagram of folders in CGH-Plotter is illustrated in Figure 1.
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Figure 1: Folders of CGH-Plotter. Folders gui and ampli_math are subfolders
of CGH-Plotter, data_structs and ampli_data can be located arbitrary.

3 Instructions

Basically CGH-Plotter functions as follows. First, CGH-Plotter filters the
data using median or mean filter with window size that has been input. Sec-
ondly, the filtered data are clustered using the k-means clustering algorithm.
The purpose of the k-means clustering is to find the maximum number of
amplicons/deletions at each chromosome. This number is required by the
last phase, dynamic programming, which actually estimates the amplicons
and deletions. CGH-Plotter saves the result file, which consists of the orig-
inal data, filtered data, probable amplicons and deletions, indices to the
changes of amplicons and deletions of the CGH-data, names of the samples,
cumulative basepairs and genomic indices.
To be more precise, CGH-Plotter consists of five phases:

1. CGH-Plotter creates a data struct of separate data files that the user
has specified,

2. CGH-Plotter reads the data struct,

3. CGH-Plotter analyzes the data struct,
4. CGH-Plotter stores the analyzed data,
5. CGH-Plotter plots the data.

In this section a more detailed explanation is given for each of these phases.

3.1 User Interface Pages

3.1.1 Main Page

CGH-Plotter is started with command 'CGH_Plotter’, providing that current
directory in Matlab is CGH-Plotter. Main page is opened and CGH-Plotter
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is available for use as illustrated in Figure 2.

<) CGH-Plotter EoE=

Create Data Struct

Find Amplicons

Plot Data

Exit

Figure 2: Main page of CGH-Plotter.

The main page contains four buttons: ’Create Data Struct’, 'Find Ampli-
cons’, "'Plot Data’ and "Exit’. First, the data struct should be constructed in
the page 'Create Data Struct’, if it is not done already. After the data struct
is created and stored, the analysis part is executed at the page 'Find Am-
plicons’. Finally, in the page 'Plot Data’ the analyzed data may be plotted
and results of the analysis saved in ASCII file. Button 'Exit’ ends session
and returns the user to the Matlab workspace. The idea of the blocks in
CGH-Plotter is illustrated in Figure 3.



Create Struct
- creates data struct
- saves data struct

Find Amplicons

- loads data struct
CGH-Plotter - analyzes data

(main page) - stores results

Plot Data

- loads analyzed data

- plots data

- saves results of analysis
in ASCII file

Figure 3: Main tasks of CGH-Plotter blocks.

3.1.2 Create Data Struct

In the page 'Create Data Struct’ one is able to create a data struct that
consists of the CGH-data and essential indices. It is assumed throughout
CGH-Plotter that the data contain fields given in this section. All the data
has to be either

1. in Matlab (*.mat) format or
2. in tab delimited text (*.txt) format.

Examples of the files (both formats) are in folder \CG H — Plotter\data_structs.

A) Data-button (obligatory)

This button enables loading of the data file. The data file is assumed to be
m X n matrix, where m is the number of genes and n is the number of the
samples. Furthermore, it is assumed that the genes are arranged according
to their genomic order from p-telomere of chromosome 1 to g-telomere of the
Y chromosome. This order of genes is referred to as genomic index. Missing



<) Create Struct (=] 3

— hake data struct

Select data and chromosome indices for the
struct. Cumulative base-pairs and names for the
samples are optional fields of the struct.

A Data ‘ ‘
B Chromosome indices ‘ ‘
C Cumulative base-pairs ‘
D Mames for the samples ‘

E Save as ‘

Create struct tain Page

F G
Figure 4: Create Data Struct -window.

values should be replaced with NaNs (Not-a-Numbers). If the input file for-
mat is *.txt, CGH-Plotter will automatically replace the missing values with
NaNs. Finally, the data should not be transformed e.g. with log-transform
prior to CGH-Plotter. After selecting a data matrix, the name of the selected
data appears to the text box next to data button.

B) Chromosome indices -button (obligatory)

As it is essential to know where each chromosome begins, the starting points
of the chromosomes as indices to the data matrix needs to be specified. Chro-
mosome indices is a 24 x 1 matrix. First 22 indices are the starting points of
chromosomes 1-22, 23:rd is the starting point of chromosome X and 24:th of
the chromosome Y. Also the chromosome indices can be in *.txt or in *.mat
format. An example of chromosome indices matrix in *.mat format is shown
below: [3]



1
1338
2121
2829
3292
3851
4548
5115
5480
5924
6408
7047
7729
7941
8353
8701
9193
9812
9994
10695
11047
11198
11529
11980

Chromosome_indices =

CGH-Plotter adds the last index of the chromosome Y’ to chromosome in-
dices matrix. Therefore the chromosome indices is a 25 x 1 matrix during
the analysis.

C) Base-pairs -button (optional)

It is illustrative to plot the CGH ratios as a function of their actual location
along the genome in base-pairs. Therefore we have included the possibility
to define cumulative base-pairs for the data. Also the Base-pairs file can be
in *.mat or *.txt format. Base-pairs file is an m x 1 vector, where m is the
number of genes. If base-pairs are not specified, CGH-Plotter will use only
the order of the genes along the genome, i.e. the genomic indices.



D) Names of the samples -button (optional)

The names of the samples can be specified. If names are given in *.mat
format they should be given in n x 1 string vector, where n is the number of
samples. Names cannot include space characters or special characters that
Matlab considers as mathematical symbols, like - or '+’. For example, if
the number of samples is three, the cell struct can be made and saved in
Matlab as follows.

>>Names = [{’BT474’}; {’MCF7’}; {’ZR7530°’}]
>>save Names Names

If names for the samples are not defined, CGH-Plotter refers to first sample
as 'samplel’, second sample as ‘'sample2’ etc.

Furthermore if the names are defined in *.txt file, they must be given in
one row and each in own column as shown in figure 5.

File Edit “iew Insert Formakt  Tools  Da
eEdsSmE S & B2E-
- i

A B L O
1 |Samplel Sampled Sampled |[Sampled
2

Figure 5: Names of the samples in *.txt file.

E) Save as -button
One must give a name for the data struct and select the folder where it will
be saved. Folder data_structs is meant for this purpose, but it is not obliga-
tory to save data structs there.

F) Create -button
CGH-Plotter creates a data struct. When the struct is created a message

box with text 'Ready’ pops out.

G) Main page -button



Main page -button returns one to the main page.

Data struct can also be created manually. However, the struct must have
the following fields:

e data struct.data (CGH-data, size m x n ),
e data_struct.chromo (Indices to chromosomes, size 25 x 1),
e data_struct.basepair (Cumulative base-pairs, size m x 1),

e data struct.samples (Names of the samples, size n x 1).

3.1.3 Find Amplicons

Phase 'Find Amplicons’ involves several components. The aim of this phase
is first to find amplicons or deletions and then create a result file for plotting.

A) Load data -button
This button enables loading of the data struct made in phase 'Create Data
Struct’.

B) Selected data -text box
When the data have been selected, the name of the data file can be seen in
the text box next to 'Load data’ button.

C) Filter parameters

e [t is possible to specify the type of the filter, possible options are "Move
median’ and "Move average’. By default CGH-Plotter uses "Move me-
dian’ filter.

e Also the window size for filtering the data may be defined. Default
window size is five. Window size is dependent on the amount of noise
in the data. When the amount of the noise in the data is small, it is
enough to have small window size (e.g. 1-3). However, if data are very
noisy, window size should also be quite large (> 5).

D) Constant for computing the number of changes.
One may specify the constant that is used when the number of changes is
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<} Find Amplicons

Data

A Load | CGH_Structmat

—— Mathematics
C Filter parameters
Ciption: FMowing median -

Filter window size:

5
Constant for computing IT

the number of DCHewvels

D Save as |

Start bain Page

Figure 6: Find Amplicons -window.
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computed. Default constant is six. The procedure how to compute the num-
ber of the changes along with some guidelines is given in Section 4.2.

E) Save As -button

Before starting the analysis, one has to specify the name for the data struct
to be analyzed. Save As -button opens a Save As -dialog and the name and
the location for the result file may be selected. It is recommended that result
files are stored in the folder ampli_data.

F) Start -button

After providing all required information the analysis may be started by select-
ing the "Start’ button. Analysis of the data takes few minutes. For example,
analysis of CGH ratios of 11994 genes from 14 samples with Intel Pentium
II11/2.4 GHz took approximately 5 minutes. When CGH-Plotter is ready, a
message box appears notifying that the data set has been successfully ana-
lyzed and results of the analysis are saved.

G) Main Page -button
By pushing 'Main Page’ button one can return to the main page.

3.1.4 Plot Data

In 'Plot Data’ phase it is possible to compare the data and results from
dynamic programming. One may choose the properties of the created data
set to be illustrated. It is possible to plot the CGH-data as ratios or log-
transformed ratios, and to plot amplicon boundaries from an individual sam-
ple or combined amplicon boundaries from a group of samples.

One may plot the CGH-data, filtered data, or amplicon boundaries ei-
ther from one chromosome or across all chromosomes. It is also possible to
plot results from several samples at the same time. Thus one may choose
whether the results are illustrated in one figure or in multiple figures. By
default CGH-Plotter uses genomic indices to plot the data but one may also
select to use cumulative basepairs.

A) Choose data -button

By pushing choose data -button one can select the data to be illustrated.
Result file has to be constructed in the 'Find Amplicons’ phase, and consist
of seven fields:
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e ’data’: CGH-data,

e ’datafilt’: Filtered data,

e 'dp’: Amplicon boundaries computed with dynamic programming,
e 'tu’: Indices to the changes of amplicon boundaries,

e ‘chromo’: Indices to chromosome starts,

e ’basepair’: Cumulative base-pairs,

e ’samples’: Names of the samples.

Only one data set can be illustrated at a time but it is possible to observe
several properties of the data simultaneously.

F H G
<) Plot Data E]|E|@
B—|
T Diata. \ I
l 1 CGH_data.mat: Ratio 3.1
2 CGH_datamat Ratio, MDA4G3, 1
A Choose Data || CEH_dstamat \ 3 CGH_datamat Ratio, BT474, 1
C Diata Fiatio - Acdd x>
D Sample BT474 :lv Femowve <<
E Chromosome |1 - —
—— Flot
Index to Gene
v Data W Cumulative hase-pair K
v Amplicon boundaries instead of genomic index
. . . Baseline
[ Comhined amplicon boudaries, method | average  «
I~ Median ofthe chromosome L
I Filtered data instead of value ' 1"
Plot results " Comhine amplicons and M
| — ; ) deleti
J<// I superimpose all datato one figure Fistens
I~ v each plotto own figure Sawe boundaries | | boundaries
[~
Flat tdain Fage
N 0 P

Figure 7: Plot Data -window.
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B) Selected data -text box
The name of the selected data file is seen in textbox: ’Selected data’.

C) Data type

The CGH-data can be plotted either as log-transformed or as ratios. If the
the data is plotted as log-transformed, CGH-Plotter adds '1’ to the natural
logarithm value in order to move the baseline to around ratio of one. In every
case amplicon/deletion boundaries and filtered data are seen as ratios.

D) Samples

One may choose which CGH-data sample he wants to plot. If the last option
"All’ is selected, CGH-Plotter adds the selected chromosome of each sample
to the data listbox.

E) Chromosome

In CGH-Plotter one needs to select either the chromosome that he wants to
illustrate or the option ’All” when the ratios of the sample will be plotted
genome-wide.

F) Add -button

After above mentioned attributes are selected "Add -button’ will take the
facts of the data to the listbox on the right. Data must always be exported
to the data listbox, because CGH-Plotter handles only the data in listbox.

G) Data listbox

In the data listbox one can see the part or parts of the data that
CGH-Plotter is about to plot. Parts of the data are written in the form:
"Data name: Data type, Sample, Chromosome’. It is possible to select sev-
eral parts of the data, but the number of genes must be same for every part.

H) Remove -button
"Remove’ button removes selected data from the data listbox. First one has
to select the data that is wanted to be removed.

I) Plot
One can select the properties to be plotted.

e If 'Data’ is selected, CGH-Plotter plots original CGH-data.
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e If "Amplicon boundaries’ is selected, CGH-Plotter will plot the ampli-
con/deletion boundaries that are computed by the dynamic program-
ming algorithm.

e If '"Combined amplicon boundaries’ is selected, CGH-Plotter will plot
combined amplicon boundaries from selected samples.

e The method for computing the combined amplicon boundaries can be
selected. Possible choices are average, median, maximum, and mini-
mum. By default CGH-Plotter uses average.

e If 'Filtered Data’ is selected, CGH-Plotter will plot filtered data that
are computed by the filtering algorithm. The window size and the type
of the filter were determined in the phase 'Find Amplicons’.

J) Show results
One can select how he wants CGH-Plotter to present the data.

o [f ’superimpose all data to one figure’ is selected CGH-Plotter will
plot all selected data to the same figure. Each sample, filtered data
of the sample and amplicon boundaries of the sample have the same
color, samples are illustrated with points, filtered data and amplicon
boundaries with lines. Combined amplicon boundaries are seen as thick
black line (Figure 8).

e [f one selects 'each plot to own figure’, CGH-Plotter will illustrate every
sample individually (Figures 9 and 11). CGH-Plotter plots CGH-data
with blue line and amplicon boundaries with red. If 'Filtered data’ is
selected CGH-Plotter will plot filtered data of the sample with green
line and if ’Combined amplicon boundaries’ is selected CGH-Plotter
will plot combined boundaries with black line.

K) Index to a gene
One may select whether he wants to see cumulative base-pairs in the x-axis
instead of genomic indices.

L) Baseline
One may select whether he wants CGH-Plotter to use median of each chro-
mosome as baseline of the chromosome. By default baseline is value '1’.
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M) One may select to define adjoining amplicons (or deletions) as one am-
plicon (deletion) in the resulted boundary-file.

N) Save Boundaries -button

This button allows one to specify a name for the boundary file and select the
folder where he wants to save it. CGH-Plotter creates a tabular separated
ASCII file as illustrated in figure 13. If the name is not specified, the results
are not saved. By default CGH-Plotter will save the amplicons with height
over 1.2 and deletions with height smaller than 0.95. If needed it is really
straightforward to change these limits in the beginning of the function De-
fineAmplicons.m. If the file where to one is about to save the results already
exists CGH-Plotter will write the results after the existing text.

O) Plot -button

CGH-Plotter plots only the data that are seen in the data -list box and uses
properties that have been specified. CGH-Plotter shows a message box that
gives genomic indices to the amplicons. (Name of the samples: indices of the
boundaries). Amplicon boundaries -message is modal and it will disappear
permanently after pushing the OK-button.

P) Main Page -button
"Main Page’ button takes one back to the main page.

A capture of the typical plotting figure is provided in Figure 8, which illus-
trates the ratios from chromosome 20 across five samples. It is also possible
to explore only one of the samples by illustrating it separately as shown in
Figure 9. Amplicon/deletion boundaries of the samples are listed in Fig-
ure 12, while Figure 13 illustrates the created ASCII file that reveals the
properties of each amplicon and deletion.
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Chr 20

7k MDA361 | |

Figure 8: Ratios from five samples (chromosome 20) illustrated in one fig-
ure. Amplicon boundaries are seen with the same color as the corresponding
sample. Combined amplicon boundaries are colored black. Cumulative base-
pairs are in the x-axis.
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BT474 chr 20
T

L L L L ! L L
1.07 1.075 1.08 1.085 1.09 1.095 1.1

Figure 9: Chromosome 20 of the sample 'BT474’. CGH-Plotter has now
plotted each of selected data into different figures using genomic index. CGH-
data is blue line, amplicon boundaries red line. NaN values of original data
are now marked with crosses. Underneath of the data is a bar where the
amplicons and deletions of the data are marked with red and green bars.

HCC1428 chr 20
T T

Figure 10: Chromosome 20 of sample HCC1428 plotted against cumulative
basepairs. CGH-data are seen in blue, and filtered data as green line.
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SKBR3 chr All

' MWWW MWMWMWMMWMMN

1 2 3 7 8 9 10 11 134 1516 17 20222 X Y

Figure 11: All chromosomes of sample SKBR3. CGH-data are seen in blue,
and amplicon boundaries as red line. CGH-Plotter plots dividing lines be-
tween the chromosomes. The bar below the data is indicating the amplicons
and deletions.

<) Amplicon Boundaries E| |§|g|

SKBRZ: 10713 10722 10733 10240 10823 10333 11014

MCF?7: 10712 10722 10852 10305 10943 10944 10945 10363 10976
10330 10333 11003

BT474: 10713 10722 10340 10346 10855 10866 10308 10322 10345
10951 10963 10981 10934 10935 11027

BT20: 10705 10713 10721 10753 10301 10237

MDAZET: 10713 10722 10813

o |

Figure 12: Amplicon Boundaries message box.
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E3 Microsoft Excel - Boundaries

File Edit Yew Insert Format Tools Data  Window Help  Acrobat

DeEas &LV sBR-F - @& =2 {03 7

| 5

A B [ D E F
1 [ CHEOMOSOMEZO |SKBR3 MCFT BT474 BT20 MDATE1
2
3 1 Type Amplican Amplican Amplicon Deletion Deletion
4 |1 Mumber of clones 9 10 9 8 16
5 |1 Start 10711 10710 10711 106895 10695
6 1 End 10719 10719 10719 10702 10710
7 |1 Start Basepair 3013370320 3013218324 3013370320 3011240006 3011240008
8 |1 End Basepair 3013370320 3013370320 3013370320 3011424806 3013215324
9 |1 Height 1.7251 1.3247 1.5765 0.74867 0.9361
10 |1 Max/Min 2.1341 1.4997 1.7483 057762 0.76154
11
12 2 Type Amplican Amplican Amplicon Amplicon Amplican
13 |2 Mumber of clones 49 13 11 &} 9
14 |2 Start 10838 10850 10838 10711 10711
15 |2 End 10356 10902 108438 10718 10712
16 |2 Start Basepair 30455965534 3052383073 3045696534 3013370320 3013370320
17 |2 End Basepair 3050280636 3053426950 3046560263 3013370320 3013370320
18 |2 Height 1.3474 1.2754 2.1995 1.738 1.3475
19 |2 Max/Min 1.8628 1.8892 29362 1.9891 1.5841
20
21 13 Type Amplican Amplican Amplicon Amplicon Deletion
22 3 Mumber of clanes 72 =] 4 211 @
23 |3 Stant 10931 10941 10849 105835 10720
24 |3 End 11002 10946 10852 11045 10810
25 |3 Start Basepair 3057245582 3057912612 3046612294 3045547025 3013559603
26 |3 End Baszepair 3070121962 3059967124 30467358719 3075760768 3043472679
27 |3 Height 1.4607 3.14E8 1.797 1.2899 0.9443
28 |3 MaxMin 22667 5.9328 2.7853 1.9858 0.708587
29

Figure 13: The title of the first column tells which chromosome is in question.
Names of the samples are titles of the other columns. File presents the type,
start, end and height of the amplicon or deletion. It also gives the maximum
ratio value of the amplicon and the minimum ratio value of the deletion.
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Copy Number Alterations in the BT474 Breast Cancer Cell Line Genome

o
T

CGH-Plotter:
Original data

Amplicon/deletion boundaries

5

3

% 1 il ‘ ‘n | Ll 1 | - 'J “1 ﬂ r:ﬁ_tj[n \JHVILJD‘ I 1
2 O o I | T I p

EI — e g [ [ et ] e
g 8 I o oo o] o i o T e T | frracnn
6

1 2 3 4 5 6 7 8 9 10 1 12 13 [|14 || 15[16 [17 |18 | 19]20|p1Pq X

500000000 1000000000 1500000000 2000000000 2500000000 3000000000

Cumulative Genomic Base Pair Location

Figure 14: Chromosomal CGH and output of CGH-Plotter for breast can-
cer cell line 'BT474’. CGH-Plotter original data is shown on top, ampli-
con/deletion boundaries in the middle and chromosomal CGH-data on bot-
tom. CGH-Plotter can clearly identify amplicons and deletions detected by
chromosomal CGH and, as expected due to the higher resolution of array-
CGH, also reveals additional aberrations.

In order to compare the performance of CGH-Plotter we have illustrated
both the chromosomal CGH and the output of CGH-Plotter in Figure 14.
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4 Methods

In this section we describe the methods used in CGH-Plotter in greater detail.
The overall view for CGH-Plotter is given in Figure 15.

4.1 Filtering

Before applying the k-means clustering, CGH-ratios in each chromosome are
filtered with the moving median or average filter. The user may input the
type (i.e. mean or median) and the size of window for the filter. Suggested
window sizes are between three and nine.

The filtering proceeds as follows. First CGH-Plotter computes the me-
dian/average of first w values, where w is the size of the window. For ex-
ample, if w is five, the first value in the filtered data is median/average of
the first five CGH-data points. Then CGH-Plotter takes again w values
beginning from the second data point and computes the median/average de-
pending on the user’s choice. The filtering stops when the last data point
is reached. Therefore, in standard filtering utilizing moving window, the fil-
tered data are w-1 shorter than the original data. In order to keep data sets
in the same size as the originals, CGH-Plotter inputs w-1 NaNs at the end
of each chromosome. The chromosomes are filtered individually because, for
example, otherwise values in the end of chromosome one would affect to the
values of the chromosome two. [1] The filtered data are saved and so it is
possible to plot filtered data in the phase 'Plot data’.
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User inputs CGH-Plotter

Data e Create Struct
Chromosome indices ——————>
Basepairs
Names
\[ Struct L
Find Amplicons
Find number of changes Dynamic
Programming
Filtering k-means Change function (Section 4.3)
Median/Average filter ————>| (section 4.1) clustering -define the num-
Window size — | -median/average (Section 4.2) ber of changes
-window size -clusters the
data to three
clusters

Filtered data Clustered data Number of changes

Constant for
computing DC-levels

Analyzed
data

Plot Data

Results of the
analysis saved
in ASCII file

Figure 15: Overall view of CGH-Plotter. The user inputs CGH-data, chro-
mosome indices, basepairs and names of the samples in "Create Struct’ phase.
CGH-Plotter creates a struct that is used in the phase 'Find Amplicons’. Fur-
ther, the user defines the type of the filter and size of the window, which are
used in filtering phase. CGH-Plotter clusters filtered data into three clusters
with k-means clustering algorithm. Clustered data are delivered to the func-
tion that computes the maximum number of the change points. The number
of changes is needed when dynamic programming algorithm computes the
amplicons and deletions. In 'Plot Data’ phase the user may plot the results
of the analysis and save the results in ASCII-file.
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4.2 k-means Clustering

k-means clustering algorithm is used for finding the number of amplicons/
deletions for each chromosome. The idea behind the k-means clustering is to
cluster the data to k clusters (k is assumed known). Here the number of the
clusters is three denoting amplified genes, deleted genes and baseline genes.

In the k-mean clustering means piq, po, u3 are first initialized to be the
5:th biggest, the median and the 5:th smallest values, respectively. Actual k-
mean clustering proceeds as follows. First, a ratio from the sample is drawn
and nearest mean fiyinner 1S found using Euclidian distance. Second, ftyinner
is updated by moving it closer to the ratio. This procedure is repeated until
all m ratios are used. Pseudo-code for the training phase: [2]

1 begin: initialize uq, po, p3

2 do classify m ratios to nearest p;
3 update flyinner
4 until the last m

5 end: return gy, po, i3

After training phase every ratio is classified to the nearest cluster. The
clusters are presented as -1, 0 and 1, denoting deleted, base line and amplified
genes. The number of the changes is determined as follows. CGH-Plotter
computes T,,., that denotes the mean value of 2% of the highest values in
the cluster ’amplified’:

Tmax = mean(mazyy (cluster '17))

In a similar fashion Z,,;, denotes the mean value of 2% of the smallest values
in the cluster ’deleted’:

Tmin = mean(mingy (cluster -17))

We have chosen 2% of the highest/smallest values since the data we used
were not very noisy. However, this parameter can be changed in function
"Compute_kmean.m’.

The distance between T,,,, and T,,;, is computed and multiplied with the
constant that the user has determined. The number of the changes (¢) is the
result of the multiplication rounded downwards:

c = constant - (Tmaz — Trmin)-

24



The default constant is six. This number was determined empirically by
adjusting it so that known amplicons are found from chromosome 17. The
result was then validated by comparing the results to other chromosomes
containing known amplicons and by chromosomal CGH (illustrated in Figure
14). In other data sets there may be a need to change this number. If there is
known amplicons, we suggest similar way to assess the number of the changes
as we have done. However, one should note that if the data are very noisy,
the user should try smaller constant in order not to detect noise instead of
amplicons and deletions. There are surely many other ways to determine the
number of changes and in that case the user may want to modify the way
the number of the changes is determined to the file ’‘Compute_kmean.m’.

4.3 Dynamic Programming

In this section dynamic programming is briefly explained. More detailed
presentation on dynamic programming can be found, for instance, from [4].

In CGH-Plotter it is assumed that copy number ratios can be approx-
imated with a constant and an error term. As a consequence, CGH-data
can be understood as a signal having constant levels, and In essence, there
exists three kinds of constant levels: base line, amplicon and deletion levels
and these are to be identified by the dynamic programming algorithm. It is
assumed that the number of the changes of constant levels (¢) is known. We
use k-means for this purpose as explained in previous section.

Assume that the CGH-signal

A1 TZ:]_,Q,...,TLl

AQ n:n1+1,n1+2,...,n2
xz[n] =14 | _

Acvi n=n.+1n.+2,...,N

is corrupted by noise. Dynamic programming identifies constant levels
A=1[Ay, Ay, A, . .., Acqa] and change points n = [ng, ny, ne, N3, . . ., Ne, Net1),
where ng = 1 and n..; = N by minimizing the function

J(An) = B 25 (zln] - A)%.

The idea of the dynamic programming is to find the shortest path from the
value z[1] to value z[N]. Dynamic programming utilizes the Markov property,
which ensures that the distance between points z[n;| and z[ny] does not
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depend upon which path was used at arriving to the point x[n;]. Therefore
dynamic programming is capable for finding the minimum of J(A, n) without
checking every possible combinations of ny,ns ..., ne.

In practice, the procedure for identifying the constant levels proceeds as
follows. First, constant levels are estimated. A; is the mean of the interval
ni—1 + 1,n;] and

Ailni— + 1] = 555, a(2ln] — A;).

Second, function J(A,n) is minimized over n using dynamic program-

ming:

Ik [L] = mianzlAi[m_l + 1, 77,2]
= min[(minSZ! Ailniy + 1,n0)) + Aglng—1 + 1,m4]]
= min([k_l[nk_l] + Ak[nk +1, L])

This shows that the minimum error for the interval [1, L] can be computed
by adding the minimum error of the last segment to the error of the previous
segments.

CGH-Plotter stores constant levels A and indices to the change points of
these levels.

5 Summary

CGH-Plotter is a Matlab toolbox that is aimed to CGH-data analysis. The
main purpose of CGH-Plotter is to identify and visualize the amplicon and
deletion regions of CGH-data. With a graphical user interface CGH-Plotter is
straightforward to use. The user has many possibilities to illustrate the CGH-
data. For example, the data can be illustrated as ratios or log-transformed
ratios and plotted against basepairs (if available). CGH-Plotter enables the
user to visualize each sample individually or all samples in parallel. It is
also possible to plot the data of one chromosome or the data of the sample
genomic wide. The results can be stored to tab delimited text file, in which
the results can easily be examined.

The freely available CGH-Plotter is really easy to operate with. Further it
is easy to modify and add functions to CGH-Plotter. CGH-Plotter toolbox is
under continuous development and in the future it will include new analysis
and illustration functions.
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CGH-Plotter has shown to be capable of rapid high-throughput analysis
of CGH-data. Moreover the results obtained from CGH-Plotter are consis-
tent with chromosomal CGH and thereby the results given by CGH-Plotter
are verified by biological knowledge.
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